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I ~N»-Cli((tSij)jjC(<S)^^^ sa' iss ester tiesivatsve: tSierejsf wJiejeis p iis |, 2* or 3, Qly, B-J~J^, l>-3-Pi<?, B 4--Tsq< S> -S Tif?, 



I s«bstffe!»i wsih (5 -6f;)a5kyl, (l-W)aSk»xj-, bciw.ysexj- or oxo, esr X fe ■J-ajsatssq-i.^oljis^ffifc add, -MR^-C^Ji-CfO)- «r tss feigsm'-nt (1) or 
I !ll), whei»i0 s is 2, S, or 4, W b CH tsr N nud R- ss H, (v-6C;kikyi pSjssjjl ^Mds gfO^ ssay ofJisosvaiVy siibslibste^ with hydroxy. 
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SERJME PjROTEASE IMHIBITORS 

Use iRvei^bsj rektes to Jtew serine protease inhibitors, ph^aesaitjcal coHiposstions cpntaiiang 
She same, as wM ^ m the use of said inhibitofs for the mamifscturs af s mesiiearoent for 
S tf estisg ^ preveistMg thromtsis-reiated dismes. 

Smhe proteases ai^ enzjetstes whstili, anson^ other fhtagSj. play m impor^ift mfe fe die Mood 
coaguMioTJ cascade Mesnfeers sf this gf«ip of pJtatesses ai^ for acatnple thrprnMn, tfjpsin, 
factors Wla, Xs, XIa, XEa, and pmteiti C 

H5 Tlm>mbin Is the serine protease which regulates the fast step m the caagulafej? cascade; The 
ptiim Smaion of thmmbln is the eie&vage of fibrinogen to generate fibrirs monomeni, which 
form an snsolubk gel by cross-linking. In addition, thj'ombk regulates its own prodmlicsn by 
activating factors V ajid VHI earlier in the cascade, it also has importsiJt acticsns at ti>e cellular 
level, wh<^e it aiits oii specific receptors to caase platelet aggfegattOR, endothdial ceil 

IS keftvafioft assd ^brobia^ proiiferation. 'Thm ^m>stkin has at central ragubtoiy role m 
haemostasss and tfeoinb^s formatioti. Siisce inhtbstofs of thrombin nuiy have a vwde range of 
therapeutifiail appUmuons, ssjctensive research hias been p^ormed lis this area- 
In the development of synthetic inhibitors of smhe proteaises, aiid mm specifically of 
thfOt«bin, ^he Merest in smallsj^rthetfe peptides that ans recegni proteotytii? saizymes in a 

2» rnanner siRular to that 6f nstimtl substrates, has increased. As a resultj new peptide-^fiice 
iBMbltas^ toe been prepared, such as the transitios state irjMbitors of tiirombiR, 
The search fssr more effective and more selective thrombin ij^bitors c<mt!Rues unabat^ 
order to ohtiun thrombin is^jibitors which can be admimstered m lower dosages and which have 
fewer and less severe side effects. Furthennore, special attentson is paid to oral bioavai(abilit:>'. 

2.5 Pcstest iotfsvenous thronsfasn inhibitors are ciinical!y effective in acxste care seitiisgs requising the. 
ireMmimI of thrombin-related diseases. However, particuiaiiy "ihc jireyemkm of tijronibiss- 
related diseases Siich as pyocardia! infarct, thromboss and ^foke requfire long-term ti>erapy, 
prefCftihly by om/j(>? dosshg an srttieoagaiant, 

# Many Of tlm pe|tids-!iks serirje protease inhibitors, in p^cular thrombin inhibitors, discibsed 
in Isrior ptsbEcadons are based on the sequ^srice -D-Phe-Pro-Arg-, sefe for example cmnpottnds 
^ disebsed by Brady St al. [BioorgatJic & M^dicai Chemistry, 3. (1^$), I063-78| and in US 
Patent 5,597,S04. ThroM>k Jhhibhofs may d&o contain lysine side chairs in,^d of argihine. 



mch a» other InMljitors dbebise?! Brady et at , and Lewis et al. [Thrombosis md 
UmmmBk, IMl-ltj, aad further by Jones eisL fJ. Bszyiae MsibitioiV S 

(19*^5), 43-§Q], lit the latter puljlicatioB it was reported that ixipeptlde eompoumis cositaimi^ 
a-keto methyi ester iiiBCtfons are Jabife compounds and therefore unfavooj^le fgir fliji^ef 

5 desj^opimssit ^ tljnsmbiis iislafcitors. Mm throsnbaj SnhSfejtijrs bavfeig an siianacyciobe>s5?S rk)i€^^ 
instead sif lyske or srginfne ^de dhatn are kiiCfWit [WO 94/25051]. Fmm i&ese aad also otte 
itfemjces |e.g. US Patent 5,523,308} a number of variations at tfee C~termimis of th^ 
peptide-Ske thrombin inhibitors is knows^. The developments in this fseld Ijgve already improved 
the ssnderstanding of how to modsilata the bioiogica! properties of diis type of thrombin 

to isihibitors. IJowevei", although great effort is being spend on indsng selective thrombin 
isilybitors havsug good otal bioavaildjiiity these are still few transatioa state thrombm mljibttors 
kfiown in the art ^htdh &iSU these retjulrestjentS; 

Siirpfisin^y, it has now beets found that compounds of the fonnula;^ 

15 R^SOs-B-X-Z-:C(0>Y (I) 

wherein is R^0OC-(Cim%^ or ¥i^mi-CQ-iGm.%T or is selected froni (l-12C)alfcyi, 
(2-l2C)^fceitylj which grbapis may optloiEiKaiiy be substituted mth (3-rl2e)c5PdloalSsy|, 
(l-6G)^ksixy, OB, COQK^, C% or halogen^ m4 &Qm <6-14C)aiyi, 0-i5C)^rall£yl and 
(8-16)ara!k8nyl, the sr^i groups of which rhay Optionally be Subistitiitsd with (l-6€)aSkyl, 

20 (3-8C)cycksa!kyi, (l-6G)alkoxy, OH, COOM, CF5 or haiogess, 
m is 1, 2 or 3 ; 

each ^p-oap R'^ js iiidependently H, (!-!2C)^kyi, (3-8C)cydoaikyl, (6-14C)ar^'i or 
(7- I SC)aialkyi, the aryl groups of which t^ay be suhststuted with (l -6C)alkyi, (l~6C)aikoxy or 
halogen; 

25 B is it bond, afi an^o-i^dd of the ^rniala -NH-CH[(GH2^G(p)OH|-G(Q)- of an s^er 
deriv^lve thereof wherein p is ! , 2 or 3, Giy^ D- l-Piq, D-S^Piq, D-I-Tiq, D-3-Ti^, 0-Atc, Aic, 
or a L- or D-ai^o aei«l laving a hydrophobic, ^^1^ or neutral sisde chain; 
X is aa amifio aad with a hydrophobic side ehasit, gjutamine, serine, threojime, a cydic aimno 
asctd option^y eo^asismg an addifionaf heteroatom seiected fi^bm 0 or and optionaliy 

30 substituted with ( I -6C)alkyi, ( 1 -6C)alkoxy, ben^ioxy or 0x0, or X is 1-amino-isobtityric add, 
-HR^*CH2-C(0)~ or the fegment 



wo m'SM2S 
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wlweiR 13 is 2, 3, or 4, W is OI or N and Is H, (l-SC)alkyl or phenyl which gjoups may 
option^ bs substituted with ihydroKy, Cl-6G)alkoyQs COOH, C00(l-6C)alkyi CONHz, Of 
halogen; 

5 2 Is lysmc or 4-ammocydohe8;^gl>'?SRe; 

Y is -NH-{!~^)al^tene-GsHji, the pfjsnyi group of which may be subsdtuted wfth (I-6C)aliigflj 
(l~6C)alko}Qf or halogen, or Y is -OK* or -NR^jt* wberem is H, (S-^SOaikyl or benzy!, and 
a«d a?e mdspendeatfy H, (l^)Mkoxy, or (l-6C)alk5^ optiomtily substituted witii 
ibalogef!, or R:^ sn4 together are (3-6C)aikyi8ne, or ft* and together with ths astrogea 

10 atom to wfach they are bosded are ''^ — ., wherein V is 0, S or SO^; 
or a prodmg thereof br a phartnaceutlcally acceptable salt thereof, 

are poteni and selective, serine protease inhibitors. Specifically, the corapouRds of the preseM 
invendon are iahibsKJo of thrombin, of factor V^Ia-'tixsue factor asd of iac4:or Xa. Compotmds 
of the iawentioK show isnproved pharniacokinetics, and m paiticubr gaod bsoavailafei^ity sifter 
15 oraladmis)istraiion. The a-(2-6C)keto ester compounds which are part of the present mverstion 
do not show the disadvarstag^ of the pfevsousiy reported l^ile a-fceto methyl ester 
oosstpoujiids. 

The ^otripoi^s of the present invention are useful for treatisg ass(i prs?m!tmg ttepitnbbi- 
20 mediated and thromya-asi^aied diSiCi^es. Tbas iftckides a number of thronsbotic assd 
prnthromlsotb stiitss in which th cascade is acti^ed which sticiude, Init are not 

Htnitfid t0> deep vein thrombosis, pulmonafy emboU^ throB^opJUd)itb, sHrterial ocelusabn 
fmm thrombosis or embolism, artenaJ n^cchisios during or ar8^0|5lasty' or thfOm^hdlysis, 
restenosis following arterial isijury or invasive c-ardiologicai procedures, postoperative venous 
25 thrombosis or embolism, acijte or chfonic atherosderosis, stroke, rnyocardid in&rEtiotj, cancer 
and metastasis, and s^surodegsBsralive diseases. The compottsids of the invention may also foe 
used as aatieoagmants in extrscorporeal blood eiradts, as necessary in dialj^s and surgery, 
coiKgtOijjsds of the invsntion may also be used as in j?/rro anticoagulants. 



4 

Preferred smne protease aihifeitofs accordiiig to tlsss Mventsas are the cosisposjnds wherein Z is 
lysine. More prefssted ^re tte cosnpouttds wtedn X is a cycKc aitsmo acsdj as amino add with 
a lsy<ir<3phobsc ssde dmn, ^mmms, mme, threoaiBe, ~l^^-CMrC(OK or the &agmsaK 
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wfeereis is (1 "6C)aik7l or phenyl, 

Particulariy preferred are the compounds whemn X is proline, leucine^ glutamine, threonme, 
phesyManfes, -!^R^-GB2~C(0)- wherm is laetbyl, cyciopesityl or cyctohexyl, or th& 




m Q , or ^ 

wfeeress R.^ lis H or methyl 

Other preferred coniiioaii<^s arc those whersb B is a bead or a P-anano aci4 having a 
hydrophobic: Of stmiTssI side chain. The rrsost preferred compounds p£ the iswentjos aye those 
wherein is (i~6C)alkyl or Preferably R* in the dfiflfatiort of Y is (2-6C>jlfcyl of 

iS besKvL In pasticuhir preferred are the compounds wherein Y is -OCHiCHsfc, Also preferred 
compounds have Y is Mi^s, 



The temi (l~12€)aikyl means a braijched or u«brmthed alkyi groisp Ita^'lng i to 12 carbon 
atoms, mch m m&thfi, etli)^, t^lsutyl, isbisentyl, heptyl, dodecyi, and the like. Ppaferred alky! 
20 groups are (l-6C)glkyi gf diips, having ! -6 caiton asdms. 

A |2- l2C)aik©syl ^bup is a branched or iinbranched unsaturated hydroc^rfjoa group having 2 
to 12 carfoon atosTss; Prefers?^ are {2-^iC)alkeny{ groups. Exanjples are e^^ propefiyi, allyi 
arid the like, 

The terns (l-6G)a|kyle«8 m^?^ a brsnclj®! or uhbrssctsed alkylefte g?"oup having I to 6 cartKsa 
2S atoms, such as -(CHaV arsd s is 1 to 6, -CHCGHjK^MCHsHCHi)-, etc. PreSs^ alkyiene 
groups in tise defeitt>3rs of Y are eibylene and iTjethyiene. 



tlse lerm (l*6C)aikaxy sseans an aikoxy group hawng !-6 c^bqit sttoms, the alkyl isosety of 
wIsMj Im tise meassrsg as pmvimisly defised. 

The term (3-liC)cycMkyl jn<^is a nioao- or McjfGfoalkyl 0tmp having 3-12 ssarbass atonis 
which cj'do^ky! group may optionally be substituted with an ©KO group. Frsfeired are 

5 (3-SC)cydoa!k>i such as cyclopropyl, cydofejtyf, eyelopeittyl, cydohexyi, cydoheptyi, cyclo- 
octyt, sic, Cycfepeatyl arid cyclohexyi are even more preferred c\'cloa!kyI gmups, A preferred 
cycisalkyi substituted alkyl gioup m the defmitson of is the camphor group. 
A (6-l4C)sryt group is afs aromatic moiety of 6 to 14 carban atoms. The aryl gmup may &5th« 
corstass one or more hetero atoms, such as N,, S, or O. Examples of aryl ^cmps ar© phetiyt 

m ns^Mh^, (m jqmn&^l, ind^yi, and the like. 

(7-lSC)Ar^kyi and (S:^l6C^ralk8Ryl groaps w& aitkyi and aOcenyl groups feajpeetiye^^, 
substituted fey one br more a^l groups, the tot^ mireibef of s^rhon iitoms l>8SBg 7 io 15 and 8 
to 16, r^s^pectively. 

The tmn Isalogsn m^ss iuorine, cliidrjne, bitiisjne or iodine. 
15 the term e^er immtsve means any appropriate ester derivative, pn^rably (|-4G)dkyi-esters, 
sadj as methyK etS jy^ or t-^batyl-estm. 

The temss Am mms 2-smsnotetralin4-<arboxylic acid and Aic; means amifto sndane carbos^i© 
acid. The t&m% I- ssid 3»Tiq mean l,23,44eti^hydrdtsoqsjino!ttt8-l- aad -3-carboxy|Jc add, 
respecm'ely; \- snd 3-Piq are perhydroisoquinoline-l- and -3-cad)oxyUc acid, iespeclivdy. 

20 The term amirso add having a hydrophobic side chain me^ans ais smmo add having a side chmn 
being (3~8C)cydoalkyl, (6~I4C)an'! or (l-C>C)a!ky!, which alkyi grmp may optionaily be 
.?ubstitut«sl with i^jne or more (3"8C)cydoaikyi groups ar (6-i4C)aryl gjoaps. The hydrophobic 
side dmn may opiionaliy be substituted vAih one or tnore siibstituetsts, such as hydroxy, 
halog€35, triiluoromethylj -OSdjCS^sy (l-4C)alkyl (f?:>r insteace m«¥5ijyi or ethyl), (l~4C)alkoxy 

15 lEsr sj^^asioe msdsoxy), phsstiyioxy, bmzybxy, ?aui the !ike> i^refeired amsns acids with a 
hydrophtsbic side chaist aire leucim^ valirie, cydohexyMaiiise, ^-mssho^Qf^^rj^loheKyialanifje^ 
<^d«H)e$yl8laalne, pHenyl^anme, 0-rjEfihthytalarUiie^ tyrostiaij O-cnethyl tyrosine (or: p- 
methoj^'-phetsyyaKine), 3,3-dlphe8ylalansae, norieudne and listjcsne. 

Amifis iiclds havirsg a basic sade dtasts are for estafttple* but not limsted to, arginiae aijd ly$ins, 

30 preferably afgimne. 

The term atsano acids haviog a seutrai side ckmn refers to amino acids such as glutamine (Gin), 
methioBine sulfbn, ssparagiae (Ass) and the like. Ps^efefFed are Gin mm! Asa, 



s 

Cyclic mnm adds are for exajnpte 2-aset;M*me 8aitJ6J£j& aci4 ptoii55«i, pspecolic aekl, 1 -amino- 
J-part>oxy-(3-SC)c>'eloalka!je (preferably 4C, 50 of fiC), 4-piper!4fne carboxyiic acid, 

axM, and the like. PrefesrsKi; are 2-a2etidiae c^oxylic Fo^ioe. pip^lic ^d, 
5 4-thssKKol3dme cafboxyijc acid/Sj-^^s^^ro^pi"^^^^ cssitso^Uc add. 

In the ddixiilioiss, the term ^bstituted rnean$; : $ubsUta^^^ one or sttoj© mbssiltusnts. 
Use isveniufi also snslades prodrags csf ^ eompousids of formula I, ■wiiich aSer adRKiBStrsitisH? 

are sietaboilsed irsio th<; active eGmpCHiBds, Sisitabie pfofcsgs ssre for ssample N- 
aI|:o3£ycarbG3i}fl protected (preferably N«ethoxyc^onyi) derivatives of tise compounds of 
10 fomdaL 



The !sjv!^tlcis lisrther isdiides a isrocess ft>r prqjaring a compound of formula I, comprisissg 
oosplmg efsM^lably prqii^ed aminp acids or axn'mo add amlogs, foOoiwed by f^sBoviog the 
protective gf oops, 

15 tlss comi^nds according ts formula I may be pr^ared m a siaisner conventional for socfe 
sompounds, Tc tihat e&d^ suitid^ly Na protected (and side-chmn jyit«acMsd If reactive ssde-diatiis 
are ijres^i) anslti© acid der?"v^tives or pe|s^ides are aetjvated stsd coupled to suit^jy ciaiisoxyl 
protected amino acid or peptide derivatives dther in solution or m a soM Support. ProttWitbis 
of the a-amirro functions gejserai ly takes place by wethane toctidns ^cfe as the acid-ldsile tai- 

20 bi-itvlftxycarfaonyl gnnsp (Bs>c), ben;?ylojQ'carbonyl (Cbx) group and substituted asmlogs or tiie 
bsse-kifaile 9-8aorenyl-TSjeihyk'>xyca5bonyl (Fmoc) group. The Chz gsoup caj5 also be. ferstoved 
by catal>tsc hydrogenation. Other suitable amino protective groups include Nps, Bpoc, Msc, 
etc. A good overviex^' of amirso proteaive groups is given is givm in The Peptides, Arialysis, 
Syis&esis, Biology, ¥oi. 3 E, Gross arsd i, Meiedtofef, Eds,, (Acadetrac Press, New York, 

25 I9tl). Protsctioire of eatixjjcyi groups take pkce by ester fons^sonj e,g, faase-kbtle esters 
like ind^hyl- or ethylestsrs, scid labile esters like tert-butylesters* ik hydrogedd^irticdiy-labiie 
esters like fesasyieisters. Prntectson of tiie sde chain lunctioa lysine of 4- 
aimsocydoteylilycine may be accomplish^! by u^ng the aforementioned groups. Aciivatioa 
of the carijoxyi group of the suitably protectifsl amino acids or peptides can take place by tbe 

30 md^ nsKed asjhydride, active ssster, or carbodiimide method, especialiy witb the additjoti of 
catalytic imd racernization-syppressifif compounds like l-ltydroxybesmtriamle, 
hydroxysuccinsmide, j-hydroxy-^-oxo-jj^-dshydro - 1 ,2,3-be5motr3aziJ5e, N-hydrosy-S-sior- 
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bon5ene-2,3-dicsr!>Dximide. Se©, e.g. tlse Peptides, Analysis, Syntlsssis, Biology (sea ab&ve) 
assd Fiire and Applied Chem. 59(3), 333-344 (mi). 

The compounds of the mventton, wMch cssi fee ia tbe foms of a ff 8« fease, may be &om 
5 tl» rsa<«se« stixtufe m ^ fdrm of a pharmaceutiesily aeeeptabie salt lise pfeaEmacesj^cally 
ajS£s«^}tal)le sa^ts may ^so be ofetained ijy trea^sg the iree base of fensik I vMi a« organic or 
morgamc acid such as hydfogess clilon^e, %4ro0sR liromide, hydrogen iodide, sufedc add, 

ptosphonc addj acetic acid, pmpsoRsc acid, glyc-oiic acid, s^iaieic acid, malonic acid, 
methanesulfonb acid, ibsswic addj succinic acid, tajtaric aeid, citds add, l>enzolc add, aad 
m ascorbic add. 

fhs compounds of this bvefttioji possesis one or more chsrai qsrboh atonjs, aiKl may thes«^^ 
be olsiaased m a pure enaaMof*J«r, or as a mixture of enantbmers, or as a mixture coniainijig 
dia^is^s^ma^. Methods for ob^ining the pure j^mitiomers are weir ksiovm in the art* e.g. 
.IS cry^lszation of salts wlsich are obtamed ftmss optscaSly active acids and the racenac rssixttsre, 
m chrtsmatdgr^hy using cHri^ coiumas. For dsastereomers straight phase or reversed phase 
so&imns h& used, 

Tfes; comptiUfsds &t the iisvention jtiay be admirsi^ered anteraiiy or pare3!tera%, and for bumans 
m prefsrafely m a dally dosage of O.OOi-lOO mg per kg body wei^t, pinsferably 0.01-10 tng pericg 
body weight. Mixsd wsth phammceutieaJiy suitable auxtiiaries, s,g. as desciibed in the standard 
releresice, CknBaro «t al, .Remington's Pharmaceudcai Sciences, (ISth t:d,. Mack PyblisMng 
Company, 1990, see especially Part 8: Pharmaceutical Preparatiojis and Hiesr Manufacture) tlie 
cos«pqtss5ds may be compressed into solid dosage sjaits, such as pills, tablets, or bs processed 
25 istto «sp^ias or^jppostories. By mearis of phrnnaceutically bistable liquids the oompounds 
saa also be appfied in tJie fonb of a solutiost, suspenses, emuisidij, e.g, for use as an ii^ection 
pr^^^ios, or as a spray, e:g. for use as a tsasai ^ray. 

For making dosage amts, e..g. tablets, the use of cobventional additives such as ftUt^s, colorants, 
polymeric Hnders arsd tise like is contemplated. In gefterai a% |^amiae»sCitically accepiable 
50 additive which does aot Merfere with the functioj? of the active compaunds can be used. 

Suitable Ciders with which the compositiorfS can be admisastered incbde Isctose, starch, 
cellulose derivatsYes abd the Skei or stiixmr^ thereof, used in siiitabie aniounes. 



t 

The kweiidoa is feiher expMfied by reference to the following ilfastmtive Examples, 

GENERAL 
Abbreviations: 



5 Et ~ ^yl 


m 






CM 




0m - fi5?q:bhexy|alaiiyi 


Pro 


= prolyl 




Acg 




TFA -^^ tiifiaofo acetic aesd 


Pa© 


~ phenylaeetyl 


10 Nps nltropfefsylsuifonyl 


Bpoc 


- 2-p.bjphesylisopm|>yloxycarbo8yl 


Asp = aspsrty! 


Giu 


^ glutaniyl 




H-Aad"OH asBino-adipic scsd 






~ ptoylaJanyi 



15 IM-Tsq-QH ■■■ l,2,3,4~tetrEhydro5st>qmrjolijH^3rG*Erb^ acid 
Mse ~ m^ylsulf(myle&yio3{y<5aji}orjy1 

fKH-Le!iji(cyclo)-<ily-OH ~ (S>-3-amiint>2-oxo-heaahydro- i-a^ aesd 

2« 

The solvent sy^sms used is HPLC arsg; 

A: 0,5 M phosphate hatfe? pH - 2.1; B: water; C: acetoratrile/water 3/2 Wv. 
LMess stated ollserwise the retemiors times (Rt (LC)) were detemiisi^ on m mdytiod HPLC 
25 SiSfjetosil LC-18-DB column (5 particles; 250 x 2.1 mm), whlcl^ was elated itsing a 
gradient {as specified) of solvmt sysfesss A, B and at a flow rale of 0,25 ml/rnin at 35 T, 

B^SO^-«orLgu(cyck>VOI>vLys^rC€C01- N?^ 

To a solutbn of 0}£~Lys<Boc>OH (2S g) ia dicljlofometha«e/met&6n<jl (9/1 v/v; snL) was 
added 2-(iK-b^<sEBa^l-l-yO-l J,3,3^^^^^ g) Ittsd the 

solutJon wss adjusted to pB t by addition of triethyiaRisae. The r^tsoft jMxtore was stilrred fi>r 



2 hours at mom tempemtare. The mixtyre was washed su£sesslvi^y with coM IN hydrochloric 
aci4 wstsr, 5% sodiimj IsydrogescaFbomte, asid water md dried over sodiuin sul&te. The 
Shfate was syapomtei md the residiKs was chromatography m sslica gel asiiig mhyi 
aeetate/heptajse (1/4 v/v) as eiuertt. The fraedosis wntainsft^ w«f® pooled 

5 bM m&p&r&^M. TvM: 29, 1 g 

TLG; 0.85, sthji s^iMdisipisx^S/l v/v oii sifica, 



(!> } C ba:"Lys ffloc)T|j^a 

To a cold (-78T) sokitbn of Cb2:-Ly<Boc)-OMe (29.1 g) in dry dicMfjromethatie (800 stil.) 

iO was added dropwise dissobsst>'la!uminium hydride (2:22 nd. of IM ss^lution in h&xme) keeping 
the reaction temperature below -70* C, The retasiting solution was sltrred at -78° C for I hour 
and an .aqueous. 5% citrio-aoid solusios 1600 ml.) was sdded to the resction mis toe. The two 
layer mixture: was gSsrred at room temperaturs; for ?0 minutes, the layers were separated and the 
aqtjieous lay^K- ■ms extracted twice with dicfeioromethaiie. The combiiied dsdiidramathaJse layers 

15 Were wash^ with water, dned over sodium sulfate md filtered. The filtrate was stirred uft&st & 
liitrogen atmos^hsjre arid cooled on a icewater-balii. A splutioti tjfsotfium cyanide (36,3 g) md 
bens^^ethyl ammoniam cMoride (4.2 g) in wst«r (680 inL) was added. Under vigordus sslnifig 
acetJ* asihydride was added porti<^!wise (2 x 9 saL) over a p«^iod of 30 tmn. The oi^gjanic layer 
was sefsarated and the aqyeaous iayd^ was esdracted twice with dichloroniethafte. The fi»«sbi»ed 

20 dichlorGms&srje layers were washed with v«ater, dried over sodmm suSate, Sitered and 
evaporate m vaaro. The residue was jn«ified hy chromatography m silica (elacstjt : 
heptane/ethyl acetate- 1/1 v/v) to yseld Cbz-Lys (Boc)^'[cyauoacetateJ (26,3 g.) , 
TLC: Rf ~ 0.60, dichlommethaissB/etfaylamate 7/3 v/v on siiiiea. 



2S (c>Cb£-LYsmos>¥f€HOHe01-€>Me 

A solution of CbS;-Ly^(Boc)*^F|«g!an0acetate] (26.3 g.) in diethytelier/sti^ffiaol 3/1 v/v (600 
mL) w^ eooied to -20" C uude^: a lutrogen atovosphsaiB/ and 66 g of gaseotis hydrogen chloride 
was introduced keepis^g the t^peratui^ b^ow -5" C, The reaction jiitxture was kept, at 4" C 
overaight. l¥ater (lOO A} was added dropwise to the reactioo mixfere ke^^ng the 

30 t^ljeratufe fedow 5* C. ,4ter srining for 16 h at room temperature the organic laya- was 
sep^t«d and washed with water. The aqueous layer was saturated with sodium ddoride and 
extracted with sec-butaisol/dickloromethane = ,1/2 v/v. The orgSJtic phase was washed with 
htim, dried over .<;odiosa sul&te, filtered ajid evaporated iu vacuo io give 25.4 g of the cmde 



mam. Tht^ residue \Vss takea up in N.N-dimssthylfoFmsmsde (400 A\ di-tert^b«tyl dicarbonale 
(16 g) was addM ssd adjusted to pH 8 lising triethylsujiine, Tliie resct joa meEtare was stirred at 
room tmperaUsre ov^i^st. The solvent vras removes! by evapomtio« at reduced prsssire, llie 
tmim was dissolved in ethyl ac^te, wa^ed with -waier a«d htma sajccessiv^y, dried over 
5 SQiiiam S53lfete, filtefoi aad evaporated !« vacaio, lit© residue pisrilied % cto»i«at«%rap% 
on siHca (du«it: etl^yl acetatfe%eptane 4/6 v?V ) to yield Cb2-Lys(Boe)^[CHOHCO|-OM)B 
(15.8 g). 

TLC: Ef =~ 0,75, et|sy| ju:etat«s/|3yridln^~ac^tsc acidA^ v/y/vy'v on ssiica. 

18 (d> Cfaa^LvsTBocWI CHQIICQl-QH 

A stirred solution of O>K-LysplaG)¥[CHOHC;O]-OM0 ( 2.0 g) k dioxaiWwa4;er=-7/S v/v (50 
M.,) atTOom temjiseoture was treated portjonwise with a 2M sodium hydroxiile ^lutson (2.36 
mL). After I hour the rea<alornibcUire vm sSlutsd wt^^ (100 irC), 2M hydrocMbric add 
was ad(led ustil pH 2,S and ejdrscted with dich1<sxaiiethane. The :oombksed organic |yhases were 

15 wsslied with water, dried over sot^m suifate, fdtered arid coaciBsstTated m vacuo to yiiald. Osa- 
Lys(Boc)¥[CHOHC01-OH (LSS g). 

TLC: Rf=^0.65, rd\yi acetata'pyridina'acstsc sc.jd/w<its4--63/20/6/ll v/v/v/v on istUca. 

reVCb2-Lvs{Boc)^'rCliQHCQl-N!IB2l 

28 To a stiired solutioss ol" Cl3arLy&(Boc)T|CH<>HCOj~0H ( 0,90 g) m K,N-dtmethylfomiamide 
(10 mL> were adiSled l--hydroxjto2»triazole (H 444 mg), M-methylmorphoritse (0.5 mL), 
l>en25'iamij?e (2S2 mg) aiid l-(3rdltsiethy!aimfioprQpy1)~3^hyJcarfeGdi3 hydrocyorsds 
|Eljet <*52 mg). Aftss' stsmng ft>r 16 ho^m at mosn tampemure the nsaaion nsxtuf© was 
poared mto water and this aqueoas mktare was imracted with ^hyl acetate. Pie ethyl acetate 

25 extmcs washed with lll^ hydrocltbric ad4 water, aqueous 5% sodium hydrogenca^nate 
mid wasef^ dried m&r isodium sulSite, filtmsl and oonceistK^ed 'm vacuo to ykM Cbz^ 
Ly<Boc)¥[€M0HCO]~NHB?i (LO g). 

TLC: R^).81, ethyl acetate/'pyridsse/acetic add/waier^^ l63/20/6><'l I v/v/y/v ors silica. 

3e ffi H-LvsrBo eyFfCHQH COI - NHBzl.Ha 

To a solution of C%2Xys(Boc)*l*|eeOHCG|-Mlffi2i (LO g) in methanol (2S nii.) were added 
10% p^ladiitm m activated mihm (100 mg) and 2M hydrooMoric (I mL) and this 
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II 

^ispm^m was hydrogenst«d at atmospheffc presaim ior 1 hour at room texttpemture, .Tlie 
psIlsdiUJK miMyu wg$ removed by tBtnttipn the filtrate *as conc<Kits"aie{i m vasue to yidil 
H4,ysCSos|¥[COTHC(3|4«Bzl . HCI (0.87 g). 

TLC; R0=O.15^ mhyl acietat&fpyntii!i<^acetic sdd/water»163/20/i6/II v/v/v/v on sSica. 

To 8 stirred soktion of L~a-A:mmo-?,-G3|!mjactarn (lOg) m dioxane/'water (2/1 viv) (30 mL) 
was added ?N sodium hydroxide soiution (73 mL) followed by di-t-biityl dicarbonate (1S,8 g). 
The mixtBs^ was stirred for 16 hours at room temperature md concentrated In vamo. The 
m residtje wsta disjsoived m etM acetate wa?i?ed with water and brine, dned over sodium 
salfai:«i fslt^*^ apd evaporated k vaca*o. The cru^e isatefsal was trjtsKatsd by hej£aHe> iltemi 
md dn«d i?5 msm to yield J^^Soc-L-^x-Ajirimo-SHcaprols^ (16 g).. 
11,0: Ri^ 0.85, ?£hyl acets£e/hept:sne iH vAr on s^ca, 

H-Boe-L-«-Ammo-g-caprotoajs3 (1<> i) was dissoived m diii^roms^ne (100 ml,). At -20 
*G a !M soladon of lithium bis (tr;n?ethylsilyl)arnMe in teljahydm&r^'cycfo^ vhr {l 

squsv ) was sdded siowly and the mixture was stijxcd for 30 mm. Methyl brotnoacetale (4 ?nL) 
was subsequently added &nd the mixture was stirred for 2 hours at room temperature. 

20 Additiorjai lithium bis (tnme.thy!siiyi)amide in tetrshydrcjfura«/cy«lohexane 1/1 v/v was added to 
fotce the reaction So completisn. The mixture was diluted by dichloromethane and washed with 
Q.IN hydrodjiorie ad4 water, 5% aqueot^ sodium hydrog^icarbonate solation aod brine, 
dr3€f«l over sodiuns stUMes fslters?d and 8vap0rat<sl ta vacuo. The ressdui; was psisiSed by 
(^fonjsto^phy op silica gel («?luent: hepta3ia/''^hy! acetate 6/4 v/v) to yield 12 g Boc- 

S5 mrLs«(qyeld)-Csly-OMe, 

H£k 0-SS, etbyl a<?etatefhept&se 6/4 y/v on ^lica. 

Boo>nori^£5?do)-Giy-OMe .(3 g) was dissolved iti TFA/dicfelo^methas^ l/l v/v (30 mL) and 

30 stirred for 1 hoar at room temperature, Tik. reaction m.ixtt3fe was concesaraied in vacuo. The 
residiis was dissolved ia dichloromethase (25 stiL) and a soludos of kaasylailfonyidilonde 
(2.25 g) in dichlerometbane (10 snL) was added ^owly at 0 ^C, Trietbylamine was added to 



keep the pH at 8 disrisg fee reaction- Tke trHXture was stiffed for \ hum at room temperature, 
wfisxrcai^er the mixtjjre was cosscejitrated sn vamo. The residye w&s. dissolved m ethyl acetate 
asd washed with S% sodium %drpg8iicajbofiat& soiutM water and brine, M&d wer sodNni 
suliate^ SItered ajsd 8va|>oiai©d in vacuo. The rsissdue was purifisd by chfo«mtograp% oii siMca 
5 ^ Cel«: dichlommetliaae/ethyl acetate 95/5 v/v) to yield B2lSOr^iorf;Mcydo><%^>Me 

TLC: 0.40, dbM<>m:^thane/ethyl acetate Wi v/v oh siliGaL 



fi) BidSOrnotlgaif sycloVey^H. 

A elation of a7JS02"S^O£'Leu(cycio}-^?b'"^^^^^ 0^ S) dloxane /water 9/1 (100 mL) at room 
temperatijre was treated with ssifncieKt IN sodium hydroxide to keep tJie p.H at 13 for 2 fjours. 
Mler acidifjcgtion, the mixture was poured into watsr assd estractsd with didiloromethawe. The 
orgatssic kyer was washed vi^tfe water and dried on sodimn sulfate The isStrate was coee^tiated 
to yield 3 , 6 g M the title com|K!>tind, 

TLC; Rf— 0,60, ea;hylac^te/p5nridine/8cette 8idd/Water 63/20/6/1 i v/vfv/v on sUica, 

To a cold i<fC) mltitim of BjidSOraorLeu(cydo)^i|y-OM (J40 mg) iti 
SmethyWfriimMe (liS mL) were sucu^sjyely added i^hydrdxyfeenKOtriaxdle (HOBt^ 203 mgj) 
20 and dicydohej^ieaFbodumide (DCC^ 217 mg). After stimg for 30 mjssites at Q'^C H- 
Ly4Boc)¥[CHOHCO]~M-IBzl , HCI (402 mg), prepared as described und^r (i), md 
Iriethykmine (0, IS mL) w^rs added. The snsxtoe was stirred at 0*C for I hour and thm kept at 
TOQm temperature os^ermghl. The mixture vras cooled to -2CfC and dscydohexj^'larea was 
removed by fsliTatiori. The filtrate was evaporated to drytjess. The residue was dissolved m ethyi 
25 acetate a^d wt^ed suec^fvely witB IM hydrocMoric aeid, water, acjaeoiis 5% sodium 
hydrogem^rboRate, water Mvd brine, dried over sodiutn sulfate and costecntrated in msm to 
affordBzlSOrisorLeii(Gydo>Giy-Lys(Bdc)¥[^ 

TLC: Rf*=0 J5, ^hylacetat^pyridine/s£etiGaod/water==i 63*^0/6/11 v/v/v/v on stljca. 



ivf 



IS 



50 m B ^ISOi8>n orLsuf cvcfoV01y'LysmQcM CCX:Dl'^iHB2l 

To a sokitsofi 0rBdSCfe-i?orL8u(cycio)-O!y4..ys(Boc)*J^[CHOHCQ|-K1[M (6S6 mg) ih dry 
dichloromethajse (20 mL) was added 424 mg of ppiodinaoe (Dess-Martm reijgeat). After 
siimng at room samperatia-e for ooe hotir, aqueous 2% sodium thlosuMkte solution (20 saL.) afsd 



15 

aqueous 5% sodium hydrogescarbonate sobtion (20 mL) were added mi the mbaure was 
stirred for 20 mm at mom tamperaiisre. The orgamc layer was separated, wssfasd wi& water, 
dried oyer sodium sui&te, Skered arid evaporated in vacuo tp giye emd© BaiSOs- 

TLC; ethyl acetate/pyndme/aeetic 3cid/wateF=liS3/20/S/l 1 v/v/v/v stSca. 



BzlS02-norl-8Kc>'clo)~Giy~Lys(Boc)¥[C(X^01-NHBrf (560 mg, crude) trtat«d wsth 
trifiuoroacetic asid (H) ssL.) and stirred for ! hour at roons temperature. The reas^ion mixture 
U) was coace^straled if^ vscuo md the residue dissolved in water and direetly charged onto a 
preparative MFLC DdtaPa'k RP-C<8 coiumn, which was subsequeatiy dated tisiBg a gradient 
ebtion s>'stsm of 20% B to 20% A/4S% B/3S% C ovsr 45 min at a Sow rate of 80 

stiL^'insn, Yield: 2S7 of B2lSC^norLeu(cyclo>-Giy-Lys¥[COC0J-0H^ 
Rt (LC> ; 23,S min ; 2O%^S04 EaoHC io 20% A/80% C in 30 rnsu. 

15 

(a) BM-DHCHa-Fro-Ofiac 

To a sdutlos of Boc-I>-Ch8-^H.HjO (2L5 g) in HN^-dimethylfemiasiside (143 mL) M 0*C 
20 were addisKi hydroxj-benzotriazole (HOBt) (3:? ,7 g) md dicyelohsxylcarb^idsssrude (DCC) (15,7 
g) stirred ;u 0"C tbr M minutes. H-Pro-OPac. TFA (20 g) was disolved in SO mL of N,N- 
dimeihylfbrnmmide, the pH was adjusted to 8 with tiiethyiai^iine a^d this ^i^iution was added to 
the reactsoB mixture. This was allowed to continue for 16 hours during which the terssperature 
was increased to room temperature. The mixture was ffitered, concentrated is vacuo, dissolved 
25 in ethylacetate, washed with 11*^ hydrochloric acid^ water, 5% sodium hydrogi^caifeoftate 
jioiation and brine, dried over sodium suifate, SJtettsi and evaporated itj vassjo. Yield 28 g. 
TIjG; 11^=' 0.5^ dieMoroKiethan 95/5 v/v o« ssitca 



30 Boc^'iMSha'-Ppo-OPac |) was dissolved m TFA/dschiofossc^ane 1/1 v/v (2S siL) and 
stitt^ tor 30 sxnssutes M room tempsH^ure, The reac^on mtxtufe was evaporated m vacuo. The 
cmde amine was dissolved in dichteomtahane (50 jsiL) and ethaiiesolfony! chloride (0.8 tnl.) 



was added &t -78*C, Triethylainme was added to keep the pH at S durfng tise reactba. The 
mixture was MnM for 3 bours at 0*'€, whereafter water {25 a^) was SSded, After m 
additsos^lst'atmg i>f: 30 aamtes aJ roam temperalMJe, the reaaloin mijasire was coBce»imdi m 
v^di The Ti^use was dissolved iji di^yl ether and wa^ed mth IN isydrociilorjc add, wafe^ 
S 5% sodiusTs hydmgencarljosjate &sjlutlo» and brinfei dried over sodSum sa&te, filtered asd 
evaporated m vacuo, Tnturatioa the crude materiai vnih mtthsm) yiMded etfsylSC>rD-Cha- 
PnvOPac {3.0 g). 

TLC; lif™ 0.6, dkhiofoffisthane/metlmnol 95/5 v/v «a silica. 

Tf? a ?o!i0so» 0f etiiyiS02-£M>ha-Ffa»OFae (iO g) in tetral^fdrpfisran (250 pl^) was added |M 
so1ut5o« of tetmkstyla^isomum fluonde m testrahydrofuraR (84 sisL), The reaction JTtlxtare Vi^as 
stiired ibr 30 minute at rmm temperature and potired into water (I L). The aqueous s^lutioR 
was esttmci^ wjtE ethyl acetate. The cdmtsihed orgasic layers •mx^ sjccessiviSy wasbed ^th 
iS m hydfcKjiblons; acid and wat«ri dHed over sodiunj sui&te md asHCentrated m vacuo. Th^ 
rsisidue was punfied % srystallisation &om <^hyl acetate/diisopropyMi^f to yieSd EthylS%-D- 

TtC: Rf=* 0.2, ethyl acetste/pyrtdlsse/iKjede ac^^^ 163/20/6/i I v/v/v/v &tt silica. 

50 ^d>BlhyISOrO-Cha-Pm-LysT[COCO]-OH 

The DCCHOBt-coapling between OthylSOj-D-Chs-Pro-OH md B-Ly.'>(Boc)H-*[CHOHCO> 
OMeilCl, saposificatiojs, Dess-Martin oxidasion, deprotectkm and puriiication were dam 
acoordmg to the p rocedures dciscribed sti ^sampile 1 . Yield : 163 nag of the title compotrnd, 
Rt (E-C); 36.3 5 mm. 20% A/8q% B to 20% A/20% B/60% G Isi 40 mn. 

25 

(aj Cb2-Lys(Bo €> ¥lCH0HCOl-0Et 

Cbz-Lys{Boc) f CCHOHCO|-OMc (751 mg) was dissolved in 25 mL of 3N HO/edianol 

.3S solatsoa and stkred during 4.5 hoyrs at room temperature, Tfse reaction sslutson was 
evaporMed to dryness arsd coevaporated three tiraes with ethano! to yield 691 mg of Cbz-Lys 
*F[CHOHGO|-OEt. 'Hiis prodiict was dissolved in iO mL dry dichloroinethane and di-ferf-butyl 
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dicarisonaje (425 mg} was added. Use pM of the solution was as^ustesl and wsaisSained M S with 
tdelhytanwtte and t%t reaction was stured for 16 tejrs at foom tsmpefatyrfe Water was sM&& 
and llse organk layer \vts waslsed and dris^ to yield 782 mg of the 4esa'ed product. Ate- 
imriScatJOft oa siica usang hefsttan^ethyl acetate 2/3 the Inal yield was 696 stig. 
5 TLC: Bf = 0.95, eihyl acetMe/pyndtne/acedc add/evster 232/31/1 S/? v/v/v/v on^ica. 



To a solution of Cbz~Lys^;Boc)T[CliOHC0J-OEt (696 mg) in ethaool (25 tnL) were added 
10% palladium on activated carbon (100 M 2H hydrpcl^loric acid (0.8 t«L) and tlib 
10 susp^^on "ms %dmges58t.ed at atrjtosphenc jH^ssure for $0 miaates at rmm t^peris^re. 
palliadism catalyst was removed by SitraSioft and the filtrate was concentrated vaoto to yield 
H-Lys(Boc)*?[CHOHCq]-OEt- HQ (S25 ing). 

TLC: BJP=0. 17, ^yl acetat«s?pyri<Bne/^acetic 3cid/water==232/3 an sifissi. 

Coupling wish Bs;IS0r i5orLeii(cyck>)~Oly-OH, ojiidatioa, dqsrotectioR and puriScaaoss wa-e 

do«a according fo procedures described In Exampie 1. Yield: lB6ing of tise title compound, 
m §JS): 32.46 min. 20% mO% B to 20% A/20% B/60% C i« 40 min. 

20 Eat^mok 4. 



azlSO^-aorLe u(cvo1o>- Glv-Lvs^rCQCOj-MI^ 

llics^upling between B2lS03-norUu(cydo>Giy4>M atid H-Lys(Boc)TtCHOHeO}-1^IsBCl 
atjd the sufesequejst oxidation, de^srotection and purification wms dijae acconliag^t^ prpc^siures 
descnbeti lit Ejsampie I to yield 103 mg of tlie title compound. 
25 It 27 50 min. 20% B to 20% A/20% B/60% C m 40 min, 

E;£am|>je S. 

The DCC/HOBt-couplmg between EthylSCb-D-Clia-Pro-Ofi (270 mg) md U- 
30 .Lys(Bo«)*f[CHOHC0]-OE4.HCI (26S mg), Dess-Martia oxidation, dfi^rotection usiRg 
iitiluQfstcetie acid and psrifscatiois were doae accorditig to the procedyres described in 
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Rt (LC): 40.? mm. 20li B to 20% A/2m4 8/6054 C sr 40 mm. and rminJam this mixture 
of dueasior as additiosia!: 10 mm. 



5 Ethvl SO^-m': iia-Fro-Lvs^rCXK:0!--MlBi£l 

The ECC/BOBt-coupling between Ethj^SQj-D-Chs^Pno-OH (250 isg) m4 H- 
LysCBoc)'^'[CHDHCO|-NHBzi.HCI (611 mg), I>&ss-Martm oxidafe, deprotectiost ijssiig 
trifluoroacetic acsd and puritkatiors were done according to the procedures described in 
Exaaaple 1. YMd : 208 mg of the title compoarad. 

10 Rt (LC): 2% J uith 20% A/BO% B/20%C to 20% A/SO^/o € in 30 mis. 

The pmcedures desssibed is Exanspie 1 were used to prepare the title compound. H- 
55 Lys(Boc)¥|CHOHCO]-«.HC:i (0.S4 g) was prepared from Cbz-Lys(Boc)¥[aiOHCO]-OH 
(0.95 g) as dsse^ljed for H-Lys(Boc)^F|:CHOHCO]44HB3d[iia- Then BCC/HOBs-coupSng 
between HtbylSO^-D-Cha-Pro-OH (189 mg) and H-Lys(BocyF|CH0HCO]-Mfe-HK:i (179 
mg), I>ess-Mattm axsdadon, depmicsctjoR using, triiluoToacetic scid and purslication yielded 126 
mg of the title compound, 
20 Rt (LC)-. 3^.3 sms. 2<F/8 A/80?4» B to 20% A/20^» B/60% C in 40 tmn. 



25 Cbz-Omithine-OKHCi (25 g) was dissolved in 2 L of N,>j-dim€tbyi foim&msde 12 oiL of 
triethyl ajnis^ >m added to a of 8,5. 2-<lH-b©f«»triam!-l-yQ- 1,1,3^3^^^^^^ 
tetmfiiiorobomte liBTO, 26,5 g) isi 250 mL of N.Mmethyi ifepfsadide was added dmpwsse 
under vigom$Js stirring The mixture was allowed to react for 16 hours at room tenipemiffe 
vsHbile cojJtsnously sdjustijsg the pH with inethyi amine to 8.5. The reaction mixture was 

•30 c«ficentratsd to dnmef«, dissolved in ethyl acetate and washed with IN hydrochloric add, 
water, 5% sodium hydrogm carbonate, w&tm mid bum, dried on sodium stdfetc;, fstered md 
evaporated to dr5?ness to yield 1 1 . 7 g of the tit le eorrspoimd. 




ii 

tt€: RI^OJQs ethyl ax^Me/pyj-jdiae^acetic mi&vmtsr^3f2Q/&ll v/y/v/v on sBica. 

(S)'34ih&tt^io%fCMbony\)mn^ (5 g) <Kssdlvai in djcMorometfesne (SO 

5 mL). At -20 X a IM solution of iMum Hs (tntaethylsliyl^aitsMle fc 
tetrs&ydro&rass/q/clohexw L^l v/v (29 1 sqijjv,) was asfded slowly and tJje jsfx&fe was 
stirred for 30 mkt Methyl bromoscetate (1 .9 mL) was subseqiierifiy added the tSfaxtum was 
stirred for 30 minutes at room temperature. The xrixture was diluted with ethyl acetete and 
c|iiesiched ^■ith s saturated aqtsotis iimmorjium c^iloride solution. The orgamc layer was washed 
10 with mter mi hdm, dried over sodkm sulfate, filtered md 

evajjorated $n yscsso. The residue was puirsSed by cltrofnatogrsphy on si&a gd (daent; 
dic^rforssniefeasse^raetfeaadl 95/5 v/v) to ysdd 4.7 g Cbz-norVal(<^dt3)'^Gly-0Me, 
TIX;Ri«==0J8,«^!tyi acetate/^ y/v o« silica* 



CI>?/-tiorV^cgi«lcf)--Giy->0Me (4;7 g> was dissolved in 40 of liie^haRcsl, 500 tng l&i4> 
palladium on cliarct>M was addcid, 7,4 niL of a 2N hydrbdhiDric add was added and 
hydrogenate^ at MSsosphsdc pressure fbr 1 hour at txKsm terftpemture^ Tfie r!^<^on Mjaure 
was iilte^ied, evaporated SR vataio and ihunediaJeiy used iri the next sti^ as Br-nofVal(cyGio)-Gly* 

20 OMe BCL 

Tlis cfude amsne was dissolved in djchlorotTsethane (50 ird.,) and benis^'isalfonylchlonde (2.S2 g) 
was added slowsy at 0 "'C. Triethylansine was added to keep the pli at S during ihe reaction. The 
msxtore was stirred for i hour at room tensp^tore, wheresiSfir the Siixt^re was washed with 
wata' and hnsse, dried owr mJsuta sulfette^ fiiterdd and eis^orated in vacuo. The residue wa,s 
25 piirifsed hy chromatograp^hy on sslsca gel (^ent: diehiorometliane/methaaoi 95/S v/v) to yi^d 

TLC: M~0.g7, ethyl assaats/pyridine/acetkadd/^ y/v/v/v o« sjhcs- 



rdl B2lSa>-norV^rcvcloVOi^OH. 
30 The saponlfica^m of B23SOraorVa1(G>'clo)-Cily-OMe (2 g) was dene according to the 
proceduJis descnbsd in Example I. Yield; l-Sg- 

TLC; Rf^O.40, ethyl »caeta$e/pyridme/ac^ »ad/watfir=63/2Q/6/l 1 v/v/v/v oa silica. 



m 



Cmsp&g hmmm BzlSOj-nofValCcydo^Oly-OH and H^Lys(BoeMCHOHCOJ-OMe,Ha, 
sajiismSssatJon, omds&on, dspr&iectim tod parifkation were doirse accordiitg to procedures 
described m Exmjple ! , : 1 07 of the tUle compound 
5 m (LC): 24.4S mn.im AMmi B to 20% A/2a% C m ^ mn< 



£fe¥lSQrD-^ha-l¥o -L vsyrCOCQ]-0-iil^ropvi 

H-LysK!Boc)TlGB'OHCO|^-{-rPropyijHCl (0-32 g) was pf ^ared usaig thie procedure descrijed 

10 for H-LjfsCBjscMGKOHCOl-OEtHO as Exampte S starting from 

€bK4^3fs(Boc)^|CHOHC€f|'OMe (0.4 and 2i>ropanoL The XjCOHOBt-coiiplisg betwem 
EthylSOj-D-Clm-Pro-OH (239rog) md H*Lys(Boc)T[CHdHCP}4)-i-PfopyliJa (316 mg), 
Dess^Maitin c^ddation, deproiection usmg triSuoroscetic scM and puriSca^on were done 
aceofdlng to the preeadares described m Bxappfe 1 , Ysdd : 123 iisg of the title cornpoond. 

15 Rt (LC): 43 .0 msn 20% B to 20% M0% a/60% C in 40 min. and maifjtain this fnixture 
of eiyefis for sr addiisGm^l 10 msa. 

20 The procedur*^ described in Example 1 were used to prepare the title compound. Cbz~ 
I^Boc)¥[CHOHC01-A£stidme (2.26 g) -was prepared fh)m Gbz-Lys^BoG)¥t€HOHCO|-OH 
(2.7 g) as described for Cb2-Ly5(Boc)'F[CHOHGO]-NHB^, Hydrogimjation of Cbz- 
Lys(Boc)¥|CHQHCPl-/tzs^dine (20 tag) yielded H4^s(Boc)WiCHOHCO>A2ietjdine.HO 
(2!4 mg). 'Iljen DGC/fipEt-coiipling between B2iSC^-n0rVal(cycteH31y-OH f HS mg) and H- 

25 l.ys(Boc)¥[0-IOHC01-.4zet5diae.HCI {214 mgX Dess-Majtm oxidatloai depratectiofs usiRg 
triHuoroacetb acid siisd pisrification yielded M of the title compound. 
Rt (LC): 27.8 rsm. 2Q% A/80% B to 20% A/20% B/60»/« C sn40 nan. 
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Cbz^Lys(Boc)W[CMOHCX}]~hzetUim \ym prepared accordfng to procedures descsibed in 
Exauspb iO. Hie hydtsgmatsos, couplifif to BElSOr-«orteu(cyclo)-€3ly-'0ii, ojadatsoft, 
d^<Mcti<>n mi pyrsficatios Awre also dssne aecordmg to procedures desscniljed is Exajnfste 1. 
Yldd: IQO mg of the tstfe <K>nipoi»id, 
5 It mn. 20% iUSO^ B to 20% A/20% B/60% C m 4G min. 

18 B?!SOr8>oJt^^<eyc^<>)"Gly-Lys(Boc)T[CHOHCO|-A2^^ (prepared accoKJii^ to 

pnscedutes described in ExaiRple 10) (220 mg) was dissoiv«i la 10 laL of 
dtqtsiommetltai^ftrifluorDacefilc acid 1/1 v/v and stirred for 2 Isours at nxHts tempestture. 
Solvents wo^e r^oved fejf evapdsiatbrt and the reisdue tstruated wkh cfisshj^ ether. Yidd: 267 

I S IXC; 4hyl acdate/pj^idihe/aceti^i aiad/wat«r=63iS0/i5/li v/v/v/v oio ssHcs. 

0?>B2jSO^-m?rI^rsvgidVGIv4uVsrEtboxvc art>on^ 

Bs5lSOr«orLe«(wdo)-GSy4.ys¥[Cl lOHCOi-Aze05^^^ (Ml mg) was dissolved is 10 
cfN^J-djmethylfonnantsde and 46 jiL of ethylchioroibiEisate was added after which the pH was 
28 adjitsted to 8.5 ^vith triellivlamine. Ater stirring for 16 hours at room tesnperature, the reaction 
mxxm-nu Muttii with uhyl acetate, washed with water, 5% sodium hydmgencarbonate, 2% 
citric acid and brsne, dried on sodium saifate, Sltered and evaporated to dryness io yis^d ISO mg 
of the tide cosnpound , 

TiX; Rf^ 0.53, dsehbronte^hafie/methanol 9/1 v/v oa silica, 

25 

Ojsidatioji snd piirigaasos of B^d$DrSiorLm<oyeia)~Gly~Lys(E^oxycarbo»^^^ 

Az^tidke (t S<j mg) were done according to proce^res described m E^ple I . Yidd 15 itig. 

m (LC): 26.42 mm. 29% A.m% B/20%C to 100% C in 40 mn. 

m 



wo 



w 

Goiiplsrtg between BjelS02-soJi«£«Cj^elQ)-Gly-0H (descnbed m Example 1) ssd H- 
Lysi(B0c)*?fGHOHCO]«Oi4PropylHCI (de:^srfced is Example 9% oxidalloB* deprotectian mi 
psriScatlon w«f& dcsite accordteg to procedures dascnbesi in Exai^pte I, YfeM; 400 sng of tlte 
title compoumi. 

5 RS CLC); 40 mis. 20% A/80% B to 20% 4/20% B/60% C in 40 mm. 

10 Tbe iJGCMGBt-couplang b«^ees IM jg of B3^SCb~aori^u<<9?do>45ly-OH sekI 2.20 g of H- 
LysCBo#*l^[CH(>eCO]-OMe,HCl md sap<mtfscatioa of tte prbduct were pes^armed. aceowSng 
to the prsKjedures desenb<sl sn ^ampk; 1, Ytdd ; 3. 1 g of the crude title compoutid, 

IS .rb>B2lSOrnorl^(oycio')<x1y-l.ys(BocW[CHOH^^ 

TJw EDCI/IIOBt-coupHng b^weeo 0.4 simol SidSQrn6d-«J(cydd>Gly- 

L>'s(Boc)'l'|CliOf!CO|-OIi aad 0,105 mL of isopropylasnm?, Dess Martin oxidation (reactioR 
tiffie: '9 h) and deprotection vers dosse accofdistgitp the psrocedufcs desfirsbed In exanipie I, 
Yiud'. 1 50 mg of the title compoujsd. 
20 Rt(LC); 34.01 mm. 20^4 A/ 80»/« B to 20% A/ 20% B/ 60% C in 40 min. 

ExaiiiplfelS. 

B;slSO?-na8l^rofdo^-^v-Lvs¥fCC>G01'Mi-nPm^ 

The EiXJIHOBt-cdi^iing Ixstween 0.4 mmol B2i$Oraori'eu(cy<^o)-0ly- 
35 Lys(Boc>¥[CHOHC01r-OH a«d 0J9I inL of propyiaBane, Bess Maitin pxsdacion (f«^oa 
time: 24 h) aisd deproteaios were done acsxwdirig to the prtxxdufss described k example I. 

YieM: 144 mgof the title compound. 

Rt(.LC): 34.22 smn. 20% A/ S0% B to 2m AI im B/ 60% C is 40 tmn. 
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The EPCl5iOBt~coyplmg b^ween 0,4 M«K>i B2lSO2"?3orLeu(cycl0>-Giy- 
i.ys(Boc.}*l'|G.HOIIGC>]-OH and methylaiianij <0,4 mL of a 3 M solution is "N,N- 
dimelteylfomamsde), Dess ojdslaita (reaaion time: 20 md it^mmctton wm^ dom 
acs-ofdsjsg to the prwedia^s described ifte»anip3e I. 'Vield; 127 mg of Me titte csmpoiH5d. 
5 llt(LC)- 28.36 mm. 20% A/ S0% B to 20% A/ 20% B/ m/t» € in 40 mm. 

Example I7« 

Bsj[S(VnQrLea(cyd QVGIv-Lv$ T f' COC O }>pynx>Ud^ - 

The EDCI/liOBt~e43uplis5g between 0.4 mmoi B^JSOr-iJOfL&isCflydol-Gly- 
10 Lys(Boc)'f [CHQFiCOI-OH" mid 0. U)l of p^/srolidine, Dess Martin oxidatton (reactson time; 
14 days) asd deprotertion vwre done accosting to the procedures describesi m example I. 
Yi&\4: 125 s?2g of the title compound. 

mSJ^ 36-8? apd 37.38 mn. 20% A/ 80% B Us 20% Mim B/ 6CJ% C sn 40 mis. 



15 Ej^stnfile W, 

The EDCI/liQBt-eouplsr^ bet»*«ea 0.4 irmo\ BidSOr-»orLeu<cyclo)"dly- 
Ly8(Boo)>FtCH0HCO|« and ethylaminB {1.78 mL of a 0.7 M solution in N,N- 
dlrnethylfomsiHsade), I>e^ Martin oxidation (reaction timev 20 h) and deproteetbn were done 
20 accordmglo the pmcedus-es desesibed Its example i. Yie!d; I IS mgoftheMtecorspoitsd. 
RtCLG): 3 L30 mn. 20% AJ 80% B to 20% A/ 20% B/ 60% C in 40 msa. 



25 



The EDCI/HOBt-co«p1J8g betweets 0.4 mmol B2:IS0s'-nof;Leu(cycfo)-Gly- 
tys(Bac)¥tCHOHG0]--Oji md 0.107 of n^otphpline, Diess Martin osqdatioR (tsacdosi 
Ssa:^e: &5 days) asid deptotection were done asssording to proc^ur es desssriibed is escample i. 
Yield; 148 itng of the title s^smpouad. 

tt(LC); 33 J3 and 34, 17 mn. 20% A/: 80% B to 20% A/ 20% B/ 60% C m 40 min. 



36 



Bz!S02-norLg^'',cydo)-Giv-Lvs yf€QC 
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To 8 $iBk!t!©R of 24? g of thiomarpmsSsje in 25 of m^ted was acided S JS g of di-tert- 
butyl dlcarfeo»at« sad 4 iiiL of tri^thyfeBniiiie, After stIitisig M mom temjjemture for 3h, 50 s«L 
of ^fi^ri aastate was added and thh solution was washed with watsf sdjujited to pH 3 mi^ 
hydrpdi^Qiie add, 'Mtefj squeous 5% stidjum hydrogesicarlHJjjats aitd bnne, dned over 

3 magResmm s^jl&e ami ossiceistmttsJ to gjve 4.73 g of N%rt-b«i;ylo3s:y<arl>oiiyl thiofrKHrpftojme. 
Has tmdm, (4.73 g) was lU^lved in SO mL of dsehlomm^sliaise and 50 of wat^ wiss 
added. To tkts $tirt«{! jmsture -svas added 1 ! g S-cMomperoxybenmic acsd (80 - 9Q% psnty) m 
small portions kaspisg the rsactiosi mixture at pH 7. After stjrrmg at room tem|jeratisre for 16 h 
the water byer was separated, the orgamc layer wasijed with 5% aquwus sodbm tyosiilfate, 

10 5% aqueous sodium Iwdrogencarksnsie (three times) and brise, dried over magne-ssuiu sulfate 
md c«Qcmtrated. The resMise was purified by chmmatography on ssiica gel (duent: ethyl 
acetate / tegktanes 2/3 v/vf)togsve 5,7g of N-tiert-l»ityloxycarf30jQ?l thiomorphoHne l,l-dio)Gde, 
Thi&msJftHs (0i625 g) vras dissolved m 50 siiL of a 3M hydfogenchbnde soiatbn k dbxane asKl 
after sstsmsig for 4 hoiifs at roorn temiJemtiire the reaction mbdure mm coscetSrated to pvp 

iS 0.579 g of tliioinofpholsi?© I, l-dioxide hydrochloride. 

The EDCMIOBt-coupUng bstween 0.4 vtmcH BMOr^TlMisicydoyrGly-' 
Lys(Boc)Tf;€HOHG0|-Oe aisd 0.21 g of thSoi«oq>hoUne l,i-d'issidde ^dmoyoride, Dfiss 
Mm^u oxsdjsion (reaction ttmt: 3: days) suid deprotecSson were done accofdsag to ^ 
procedijn^s described m example I . Yidd: ! 80 mg of tbe tide compouiwl. 

20 Rt(LC); 33 ,64 mm. 2Q% AI S0% B to 20% Zim W m%Mm 40 min. 

TN EDGI/IIO^t-iCoupSjog between 0,4 mniol B2lS02rSorLs«(cydo)-Gly- 
25 l.ys(BocyF[€HOHCQJ-6H and 0. 12 g of HMs^fi^hjwlhydrcBsyiainiBe, l>e$s S4aitm oxsdatiori 
(reaciios ^lissi 3.S days) assd dqsrptection were dom accofdiiig to the procedures described m 
emtifls I . Yl^d: 136 mg of the title compound. 

Kt(LC>; 33J0aj}d 34.53 ism 2(m A' §0% B to 20% M 'mi Wm^ C m AQ min. 

BaiS0y?|orLgufcyclQ)"Gl¥ -l^sy |X^^ I -yj) 

The DCC/HOEt-cotipiisg between ]J3 g N-tett-butyioxyoarbonyl-L-a2etldin©-2-<»rtK>3Q?fic 

aed asd 1,38 g ammmoftjum chloride was perfonived as described m example I to give 0,46S g 




of N4ert-.b«tyioxyearbonyt~L-as8tidsne-2~e4i^ an«sfe (0.224 g) was dissolved m 5 

ssL of a 3M hydrogeischlonde solisfesi sa <llo3Caj3e, ASier ^siriBg for 3 hours at mom 
tcatpefttufs tlie jsacti^n itaxtare was eoncentrated to give 0.17 g of az^i&e-l-earbox^de 



5 The BE>GIIH0Bt'<o«ijSng betw^n 0,4 mmol 82lSOr'tK^si--€s5i(c^d)^Gfy^ 
L5f^Bck;)^[GHOHCOJ-4>H and 0. 17 g p£a;e^di««^^2-<^ui5oxam}eis hydrc^ Pess Martij? 
ojddation (reacijosj time: 2Q b) ami deprptec^oii done according to tkt ptoosdims 
descrited b sx&tHpte 1. YIdd; 58 ssg of tlse tiUe compound. 
Ei(LC); 26.43 «m.. 20% A/ 80% B to 20%. A/ 20% B/ mi C m 40 snin. 

10 

Exapa pSe 23, 

(a ^ Boc-»D-Cha-Pro~OBzl 

To a sfeed solute ssf 11.64 g of Boe-P-Cha--dH la 100 n\L of djctiioromsth^e at CfC was 
15 added 6.36 g of HOBi aud 9.72 g of DGC. Mer 26 irstjutes a solistioa of 10.35 g of K-Pro- 
OB^ . ffCI In mL of diis^orQsif^isane sKlJuisase^ with KyN-diiiSopf opyl eihylamirie to pH 8 vf$s 
added. Alter 16 lj tile reaction mixture was Shered and the Mrate w s^icces^veiy /with 
water, 0.1 H Nydrochioric add, water, ati)uemis 5% sodiuiro hy^^ Ail 
aqueous washes were exiracti^ t^ic© with ethyl acetate, all organic extracts combmed;, drted 
m oyer sodiuBs siff^ts arid cojiceinrated. To the ressdiie was added a isssxture of ethyl acetate/ 
heptanes ~ 1/1 (vvV), the resulting suspen^ou fiitered and tlse. filtrate pisrifjed by 
chromatogiaphy o« silica gd. (eiyejit; elhyl acetate/ heptajies - .1/1. v/v) to yidd 19.34 g of Boc- 
D-Oa-Pro-OBsl. 

TLC: Rf==O.S, di<^|orom^lmne/mi^f3aROi'"Wl v/v op siUca. 

25 

BoiD-0-€ha-l*fo-OB2! (i;01 g) Was dissolved m 42 M* of a 3M hydrogeacyoride solution in 
dsoxai^e. After $drring ior 2 hours at room temperatufs the reaction mbttut® was sxjjscentrated. 
The re^dise was dissolved m 35 stiL of dicblorometbahij aisd cooisai to 0*C. To lias stirred 
30 SoliitiGa was added 0.22 niL of l-projjanesul&syl cMo3Rde aad the pH adjusted to 83. Afler 
Erring tor 24 1? at room tempes'atare the rsaetioa mixture was concentrated. The residue was 
dissolved in 5^hyl achate, washed successively with aqueous 5% sctdium hydrogencarbonate, 
water, aqueoiis S% citric acid md briae, dried over magjiesium suifete and cooceatrated. The 



24 

cmdfe product ^^s purified by chrofflaJograipljy on silka gel (duent: e% ^ai©' lieptetes ~ 
i/i v/v) to yield O SS g of siPfopylSOa-D-Cha-Pro-OBal. 
TLG: Ef=0,6, e&yl sxM&W h&ptmm^- Ul v/v m siljca. 

nl^pylSOrEKi^^^-f's'Q-OBzS {0,S5 g) was hydrog€RaM usiiig tlie proc^am desajised to 
example I to ^vq 0,54 g of nPropylSO24>~Cha-'Pr0-GH. tlNe rK^OHOBt coupijng of 22$ sig 
of nPropylSOyD-Cha-Pro-OH and of H-Lys(Boc)*F[CMOHCO]4>-jFropyi.HCl «nd Dess 

Msrtffi oxidatbj^ were p^rfonned accordsng to the proc^edv^res described m example 9 . The 
IS BoD-groop %¥as removed using a 3M hydrogsnchloride solutioB m dioKB.m as described above 
md the snide pmdisct |>i3^d assag the prep^ative HPLC method described is exajisple I. 
Ysdd: 41 mg of ^elitle cempound. 

RtO-G): 27.6 aaa 20% A/ 60*/* B/ 2Cf/4 C to 20% A/ 8P% C ift 39 mip, then to IQQ% C m 10 
mirsi 

i5 

Esm^jplfe 24. 

Use title compound was prepared from Boc-rI?-ClH-'l*ro-^>B2si aud {-J-lO-caniphorsalfosyl 
chloride using the procedures described In example 23 . Vidd ; 12% frdm iBoc-I>Cha-j*f chOS^ 
20 Rt(i.C): 33.6 nan. 20% A/ 60% B/ 20% C to 20%' A/ 80% Glk 30 mm, tfoea to llDO^ C in 10 

25 The title compotmd iwas prsepared f3X>m Boc-D-Clja-i>ro-OBzl isisd benxeaesuifonyi cMoride 
asisg the pfoceclufes described m example Zl. Yield : 9% tix>m Soc-D^ha-Pr€j-OBd. 
R*p.C); 29i mm. 20% >V 60% B/ 20% C to 20% MtQ/Y^ C m 30 mm, ihett to 100% G in 10 
mm. 

M^hvlSOrD'g'fea-Pro-LvsTrCOCOl ^iPmpyl 

The title compound was prepared from Boc-D-Cha- Pro-OBzl and msthanesulfooyl chloride 
Rising Ae procedisres described sn e>tampie 23. Yield : 18% frcHis Boc-il-Clia-Ps o-OBd. 



W0 9&'S842;8 
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Et(JU::); 24.3 mm 20% M 60% Bl 20% C to im A/ 88% 0 k 30 xdn, then to 100% C m IQ 
mn. 



Tte title compouRd was prepared Irom Bcw-JMIha-l^d-dBial Isopmpylsjilfanyl cl^ond* 
using th« prcjcecbres described in example 23- Yield : 2% Irom BQC-D-Cha-l^cMJBx^ , 
Rt{LC): 26.S miEi. .20% A/ 60% W 20% C to 20% AJ 80% C m 30 mm, thm to 100% C ui 10 



I© 



The title compinsjid was pirated Sx»n Boc4>4]:ha-Pro-OBz3 and a-toJuenesul&ayi cHIOiride 
a^ng the prcssedissres dsscrifeed irs sample 23, Yield : 1 1% isom Boc-D-Cha^Pm-OBzi, 
0 iU(LC): 30,4 mia. 20% A/ 60% B/ 20% C to 20% A/ 80% C in 30 mm, then fe 100% C in !0 
mn. 



nBtttviSOrO-Cha-PnyL vs^FICOC Ol-O-iPropvl 

2.0 Th« tstfe compound was prepared from .Boc-D-Cha-Pro-OB/J and i-butanesiifossyl chbride 
asittg the procedures described m example 23, Yield ; 29% srom Boc-D-Cha-Pro-OBzl. 
RtCLC): 293 mm. 20% A/ 60% E/ 20% G to 20% A/ 80% C in 30 min, then to 100% C fe 10 



25 EsaiSf l eje. : 

Tfje DCCMOBt coupling of 151 mg of [3^<^fi2yis«!fonyiansjm>H-methyi-2^xo-l,2- 
dihydrop>^dsnyl|~ac8tsc acid (WO 97/01338) and 205 mg of H>-Lys(B<k;)*f'|;eHdHC01-0- 
tPmpyl.HCI, Dess Martin oxidatioa, ckprotectiors and purifjcadon were p«s^»*aed according; to 

3(5 the procedures described is5 example 9 to give 91 mg of the title compotmd. 
Rl(LC>); 34.7 bus. 20% 80% B to 2iM MM%Bf 60% C in 40 misL 
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Tte BCfc/IIOBt coupikg of I7S mg of P-(bea2yisu!fonylamino>2-^xo-l,2-diby^ 
amic scM (WO 97/46207) aivd H-LysCBoc)^[CHOHCO]-0-jPmpyl.Ha md Pess Maftis 
S oxyation were performed acaiofditeg to tlisj procedures descriljed in ej^apple f . Dqpnjtec^on 
jising hydrogencMoride as dioxase atsd fsnificatioii were p^rfonn^ ap«>^ajg to the procediires 

described b ex&mpis 23 to give 1 16 mg of the title compoimd. 
Rt(LC): 32.4 5?is. 20% A/' S0% B to 20% A/ 20?4 B/ 60% C m 40 mm. 



JO Examij^le 31> 

The IKX/HOBt coupling of 286 of [3-<benzyLsuiibnylami33o)-6-ine%i*^^ 
dihydropyrianylj-sseetic acid (WO »I338) am! H-Lys(Boc>*F[CHOaC01-aMe MX 
adcofdkg to the p-pcedure dicsmbed In ©tatiple S yielded O.Sl g of [3-<l^n2ylsulfo»5fiamino>- 
15 6-methyl-2'-oxo-!,2'4{hydftspyndmylHce^^^ Saponifssiatic^tt of this 

methyl ssster, EDCI/ilOBt couipKng with arntoonkjm chlpfidie, Msrim dxsdatjoti, 

4qjf o?«ctioii and purification ww performed according to the procedures dei^bed in exainpte 
14 to give 76 mg of the title compourid, 

Rt(LC>; 26 .9 mn. im M 80% B to 20% M 20% Bl 60% C in 40 vtm, 
EzlS(>>-Aad-Prs~Lys^fC0CQfQH 

To a stirred spfeitson of Q,S g of H-Md(OtB«)rOH in 4.4 tnL of aqueous I K sodium hydroxide 
25 was added 0.42 g of beaa^isJlfi^nyJchioHde m 2 mL of dioxane. Mer 16 hosts at tocm 
t^np^ratisre, addHbfial lAmL of a^jueous 2 H sbdmm hydrosdde, 0:5 mL of dtoxane and 0.09 
g of bwylsuSfosjylchiiotsde were add^^ and lite reaction mixture stirred for aft addksoaai day- 
The dioxans wss removed, water was addedj the mixture miadfi! acid <|jH 3) using hydrochiorfc 
add sad extracted twice wth dmhyi etfa^. The «)inblned ^her layera were dried over sodkm 
;m;> sulfate aisd conceatsmted to give 235 of B£iSOrAad(QtBu)-OH. 
TLC; dicMoromet1msa''fiiethanoi/water = 14/6/1 v/v/v on silica. 



wo 
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DCC/HOBt coypBEig of S35 mg of B2iSOj.-Md(0tBu>-OM 168 mg of e-Frs>-OBM.MO 
foHpw«d; |sy %^rog^afesi as Ascribed m sjcasnpie 23 yidded 153 mg of the title isorapcniad, 
TLC:J!iN>.'6, ethyl acetate/p^^iSjiie/aeetfc ad# 

The DCC/iiOBt coupling of 193 mg of B2lSO3^Aad(0tBis)~Pto~0H aiid H- 
Lys(Eoc)*FfCMOHC;0]-OMe HCl saponkication, Dess Masim oxidation, deprotection mi 
P&n&cmm were pedbnne4 according to the procedures described ia ^scasrfile 32^ to 85 mg 
10 of the titb compound. 

Et(LC): 26.1 msss. 20% A/ SO%B to 20% ^/20% B/ ^50% C i« 40 mm, 

E,x»mpl& $4. 

35 Staftiag mtk H-Glii{CHBu)^6H according to the route descrihal sn ejcaaijf^e 33 gave the titJe 
costspQjind. Tield: 3% #OEa H^lu(GtBu)>C*H. 
Rt(lX:): 22,6 mb. 20% /V 80% B to 20% A/ 20% B/ 6(M C m 40 wm. 

ao; B2l8QrAsp-Pm.Lys^^[COC01-OH 

Staftiflg wsti? H~Asp(OsBu)-OH according to the route described k example 33 gave ths title 

compound. Yidd: 1S% from ll-Asp(C}tB«)-OH, 

m(LC): 213 mlit 20% A/ SiO% B to 20% A/ 2D% W 60% C in 40 mm, 

i3€C/H0Bt ccuplss^g of 2.22 g of Boc-D~Tyr(Me)-OH;asd 2.f> g of BrFfo-OBM , HCl, remove 
of the Boo proteetiBg gswp, siiMbnykticm usiag ethane suJfonyl chloride and hydicigenation of 
30 the bens^'i ester using the piocedures described sr exampb 23 yielded 1.0 g of the title 
compound 

TLC; R^.23, dichlomnietlmne/metharioi ~ 95/5 v/v on siiiea. 
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Ttus DCC/HOBt a-KJplisg of 254 mg of EtSOrD-TF(Me)-^»-<>H H- 
L3;sCBoc)W|CHOHCC)]-OMs;HCl EDCIffiOBt co5*^fing -with snrnjoRtiim 

chloride, Dess Martm ejxktsibn, dq>f otectioa and puriScatJoa were pejfotjaesl according to Che 
5 procedures described in sxample 32 to give S3 mg of the titie compda hd 
RliCLC): 28.0 mss. 20% A/mB to 30^s #y 20% B/ 60% C k 40 nan. 

Example S7. 

eSQrD-TyriMsVFro >Lys^rC0C01-O-?l>ropyl 
m ThQ DCOHOBt coupling of 0.51 g of EtS02-3:>~Tyj<^le>-Pm-QH and 

L)Ps<Boc)¥[ClIOMGO]-^jPr^^ Doss jKfianm: oxidaddn, sksprotectibn and p«jigssilJon 
wiere pefformsd secor^mg to the procedures desmbed in: exasiple 9 to give:223 sisg of the ^tte 

RtCLC); 3 6, 5 tm, 20% A/ SQ% B to 20% A/ 2(m B/ 6Q% € in 40 min. 

IS 

EtSO.-D-Tvr(MeVFro -LvsT fCOCQ I-Asetidine 

The DCC/liOBt coupling of 307 mg of EtSOs-lVIyrCMel-Pro-OH sfid H- 
Lys<Boc)^^[CHOHCO]-'\zesid5!3«.HCI, Dess M^-min oxidation, deprotection and purification 
20 wens ijsrfonned aecordmg to the procedures de$cribed in example iO to give S3 mg of tfis title 
eoKspound. 

RtCEiG): 36.4 mio/aOH A/ B to 20% A/ 20% B/60% C m 40 min. 

25 EtSOrD^TvrfMeVPm-Lys^fCdCX> i-H-f4-diloropTO^^ 

Use tMe eomipoun?! (43 mg) was obtastied as ^cs»Rd product b; the jHrnficaSba of essantple 38. 
Ki(IX): 38 J tmn. 20% /^ 80%BtG 2{m iy20% W 60% m 4Q xmn. 

Exssa^le 48. 
38 Bzj$C>>^D-Dm-F r0-Lvs¥rC QCO|-O4PT-opyl 
Ca'j BzlSQ->-D-D|^-Pm-OH 



Remove of fee Bo& group of 13 g of Boc^O^^^ (WO §7/31937), reaction with 

bmipfhvM^yi cMoridesnd removal of the I>es5zyl ester according to iSilie procedisres described in 
exansple 23 to yield 1.0 g of the Mtfe GosBpousd. 

TIC: R#K),63, ethyl aeetaite/pyri<fine/asetic add/water-ISS^SO/iS/l I v/VMv on ^Sca. 



ft) BzlSO;-D-Dps-Pr g-Lvs¥rC OC0f-O-iProosi 

The DCC/HOBt coupling- of 0.31 g of B/iSOs-D-Dpa-Pro-OH and H-Lys(Boe)l*|CHOHCO]- 
(HFropyit.HCi, Oess Martin oxidation, deprotection &nd pun-ficatjon were performed, accordiisg 
to the procedures described srs example 9 to ^v^^ .50 mg of the tide compoimd. 
m Rt(LC): 32.2 saa imi J^ ^A B/ 2G%G to 20% A/ 80% € m 30 min, thm to iO0% C m 10 
mm. 

Eamfjf„4l,. 

A stin-*al soiu to of 3.0 g of H4ea4>Me-HCI in 30 mL of difih^ to pU 

8 mmg tn&th^mmm md cooled at O'C. Th^ 3.2 luL of eahaaesulfojio^ ishtoride aiuS 2.3 mL of 
triaMytois© wsre added Afkr sdmsg for 16 h at room tempersiare the reaGtiois trmimt was 
washed .successively with O.S N hydrochioric add, water ^deous 5% 
20 hydrogencarboi^ate and concentrated. The crude product was purifted by chromatogiaphy on 
silica gel {eluent; dichloromsth<«5e/ iTsethanol =- 9/\ v/v)to yield 3..> g of EtSOs-Leu-OMe. 
TLG: Rf=4).6«>^ dicMammethaae/ ethyl ae^te ™ v/v on si^ca. 




25 EtSOi^Leu-GMe |3.3 g) was saposisfied (pnjc^ure example i), coti|jM with H-Ffo-OBi:! 
(|>fOcedyre eKaMpie 23) and the nsisiuiting dip^ide was bydrogenaSed (proasSiire exaniple 23) 
?3slng the IrsiScsited procedyfes to give 3.4 g of the title compound. 
JVC: EiM),! I, dicMorometiiane/ e^yi acetate ~ 9/i v/v on siitca. 

30 (c), EtS0i-Lg^i-PrQ~LvsHP[CQC01-0-iPnypvl 

The DCC/HOBt coupling of 145 mg of EtSO-i-Leu-Pto-OK and H"Lys(Bos)¥[CHOHCO|~0- 
iFropyi-HCl, Dess Martin oxidauon, dq>rotectjon and puri8<atioB were peformed according to 
the procedm^s descrihsd b exas^pie 23 to ^ve 120 mg of the iitte eofiipoand. 




feCLG); 16.6 mn, 20% A/ 60% B/ 20%C to 2fi% A/ 8€% C m 30 imn. 
(a). E-rAcgrBoc¥CHOHC014>Ma.fjrq 

To a solatioa of 3-[4-(lJ~ilimethyiethoxycsrbonyiamiao)c>'cbhe>fyO 

propbmc acid methyl ester (Lyie et al, Bioorg. Med. Chem. Lett., 7, 67-72 (199?)) (294 iJ^ ist 
methasoi (100 mL) was added 2N hysirechloric acid (0.425 ml^)^ 10 % pallsdium on 
aetivsM cs£|}0Et powder (QAS g) aftd tfas suspess^n was hydmgeijaied at strnospte[Ks 
pressure at t<gmpe^^jrie &r i6lKHifs, The pali^ium catsJysl was removed by iiJtratien 
ajid the soivigsit was ren^ved by ev^pratsbts stt isdueed pressure yseSdbsg M~ 
Acg(Boc)¥[CHOHGOJ-OMe.Ha (289 mg) as a mixtum of diastefeojners- 
ll,C- Rf^ 0.26, silica gelv ethyi ac«tafe/|^diaffi/a<^!c add/Water==232j'3 1/18^ y/v/vh. 

lie IXJC^-IOBt-coupHng beSwieeR 0;27 g of B2lSOj~norLeu(cyda)-Gly-OH and 0.25 g of H- 
Acg(Boc)T|CeOHCO]-OMe.f iCl saponi fjcatiott, EDCl^iOBt-coupling with azetidinc 
hydrocislofkle, Dess Martm osidatiori and deprotection were done a<xordin.g tO; the procsSciutres 
describiid isi ej<smpk 1. Yiski; 82 isig of the title ctm^poond. 
Rt(LC): 34.8 ml 35,4 nysj, 2{F/» A' 80% B to 20% A*' 20% B/ 60S'4 C in 40 mm. 

Example 45^ 

A stirred sofmbss sif 0.34 g of H-Aeg(B0cyFCCHOeCOj-OMe.Hd in 10 mL of acetomtrile 
s«d 10 mL »f H,N-dim.eth>"!i»nnamide is j^Justed to pH $ using H^N-dissopropytethylamiBe. To 
thss soliitbn 0.24 g of N-baa^loxycajijosiv^oxysuccimmide was added. After stirring at roam 
terneperature for one hoar the reaction mixture was cotscentrated. The residue dissolved 'm ethyl 
acetate, washed with water md brine, dried over sodium sulfete and coseestmtsd. The residue 
was purified by chjOfnatography on siiiea gel (eluent: eti5yl acetate / hefptanes 2/3 v/v) to give 
OaS7 mg of Cba-AcgOGc|¥[eeOHCO|-OMe. 
TLC: MN).25, ethyl acetate I heptanes IH v/v orj siiica. 
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To a birred msctare of S mt. of tetrafiydmte^ md I mL of 2-propsaol Mnder a mtnj^ 
atsaospfefije was added slowfy added 2,5 mi- of a 1.6N n-butyJIitypm solution in hexas^. 
5 28misates a soMbn of 0 :2S g df Cbz-Acgpoc)^CCHOHCO]-dM^ SstC ofl-iifopano^ was 
added srid stiff «sl for 2 h at room temperatafs. lliea O^S mL of acetic seid sdided aftd tlie 

resctiotj mixturs was concentrated. Use sesidsse dissolve i« ^jyl acetate, washed wiis water, 
dfted over sodimn sulfete and cosicerstrated. Use residue was purified by cfefoffiatography on 
silica gd (dusnt: ethyl acetate / heptasses 2/3 v/v> to give 0.223 mg of Cte- 
10 Acg(Boc)T[CliOHCOJ-OiFropyi. 

TLC: l#=0,2S,^5^l acetate / hepi^nes 1/2 v/v on siica. 

To s wlatis3« of 0,22 g of €b«-Aeg(Boc)^^ 
15 we addssd 10% pallgdsam on acdvated mbm (80 md 2M hydmchJodc acsd (0.23 mL) 
asid tfo suspe«siQi5 was feydroge^asiKl siJ Mmo^^hesic fs-essure S?r 1 hour i^troom tsHipera^re, 
The palladsom catalyst ivas removed by fikratiois- This fstrate v^s used 'm a pGC/fiOBt 

coupling with 0.!66 g of EihyiSOrrO-Cha-Pro-OH uskg the fsroc^ure described in exampie 1. 
The pfoducj was oxidised using the Dess Martin reagent, the Boc-groop rsmoved and purified 
20 iising the procediires described in exsmple i. Yield; 1 00 mg of the title compoujid, 
RtCLG): 30.0 msB. 20% A^' 60?4 8/ 20% C to 20% A/ 80% C m 30 mm. 

FrefiaTOa of EtSOyB-^LysTfCQCQl-OriPropvi denvatives oft solid ohase^ 

a)2-Lys<Boc>Tf 01QHC01-OM g) was hydrogeaated uftder the coadltions deserifeed ifi 
example If to alfofd H-Lys^ocMGHOHaDI-OMe in qtiastitatSve >^eld. The cnide product 

wsis treated with 2-(trimethylsdYl)ethoxyc.arbo!5yl kydroxy-succittimide (6,7 g) in N,N- 
dimethyiformsmide (100 mL) m the presence of N,N-diisopropylethyiamsfse (pH == S) for 2 
,1(5 hoors si room temperatHre. The rsaction mi^are was evaporated to dryness and the ressdiie 
was dissoivod its slliyl acmte asid washed with 2% aqu^us ciinc add, water, S% aqueous 
sodium hydrogeiicarbonate asd bjine, ikyipg over sodium sulfate and evaporatioo of the solvent 
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a&Fcied, aftsr £hromatogfa|>hy ois silies gel (eiQejtt; ethyl seetate/feeptane ~ 1/1 v/v), TecK;"? 
Lys(B<«;')^F|CI|CMCO|-QM^ {©J g). Sybseqyent tmnsestasScassou aeeomplisliied fey 
sMin!^ it&pmss f eo&-LysKBocji»i'[CHOHCd|-PMe (2J g) i0 s stirred atixta?^ of Is^ptofF^ 
alcohol (5,4 snL), IMF {27.1 aC) and 1.6 M n-butyl ntitutjs m hexgne (13.6 mLj at room 

5 tmiipemtum. Atss" I hmt tiie reaciioa sjixtta* was cooled to aswi glaciai ae^itic aa«l p,S 
mL) W3S added. T^e reaclion mixture was ccshcaitfatai to a sinaJi volasisie srul illated mth ^lyl 
aceiate, washed with water {2s) and- dried over sodium stjifate. Fdtratson and rerriovai tjf tte 
solvent is5 mesio gave 5he crude product. Chroxnatography on silica gel (dussst: ethyl 
acs^te/heptaiie =--^ v/v) ai&rded the title comf^xoimd (2,9 g). 

10 TLC: RH),53, beptane/e$hyl smme 1/i wV on silica. 

P?>Teo<;-Lys( C0-O-methv i-m5mWfCHOHCOfD-il^^^ 

Teoc4.>s(Boc)'4*[CH0eeOH>-«^^^ (2-$ g) dissolve dtetllyi ether (36 mL) and para- 
toluene Siiifsmc acid (L8 g) w«s added. Afi^r 2 hotsfs at 30 ®C the reactioa mixtum was 

15 evapomted the re^due was dried m vamo to ^ve Teocr^Lys¥[eMOHCO|-0-iPro|jyl. 

To a susiserisioss of 4,2 g £>f %droxpts8thy1-Testa (Bachon, 1.02 itini^g) in 50 ml.- of 
asffitositriie/dichbromsJhsne {Ml v/v) and trieihylsmme (LSI ?nL.| sdded N,N- 

disuccinimldy! carbonate (3, .^6 g). The .susperssuMj was shakesi for 2 hours at afnc'ient 
Ie«5|5eratur8 m m orbital shaker. The resin was fUtered off and washed ^'sth dschloromethanej 

2Q acetonitrile ami dichiorome^hane (three tiroes each) and dried. Teoc-Lys^F[CHOHCO|~0- 
iFropyl (s^ aljove) was dissolved 'm SO mL of ass^osairiie/dicyprometkane (1/1 w'v). The pH of 
the soMos was adjusted lo S usissg triethylamifte. This sotudort was added fo tfee resaa a«d the 
suisps^^on was shak^ Ibr 16 hours at room, tempesiature. The sofvm vim xpmm^ by jBltraJion 
andthe re^n was;;wa^ed accordisg to ^e pr<K«dures d^scrihed eariief- After drying sn yacwo, 

25 S:43 g of Tm:-Lys(C<>-C>-m€4hyUr8sa)¥[CHOHC^^ was olit^msd, 

A saspensios? of 2,5 g of Teac--Lys(CO--0~methyl--re.sin)T'[OIOHCO]-'0-iPropyI m 
triSuoroscetk sc-iit'diehioromethaise (50 n-sl,, 1/9 v/v) was shakesi for 45 msn at room 
30 tesKpera&srs. Tse resm was thoroughly washed with dichlorornethajse and dried ofider high 
yaoaym to gh'eH-Lys(Ca4)-methyi-resinM 
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H-Lys(CO-0-meti5yl<esi}s|¥fCMOH€01-04l¥o divided over 4 rem^ors ia poitions of 

50Q fug. Use resm was wa^slied with » 1% solytton of ^J^N~#lsopfopyleliiylas«iae in 
ds<^bi^m^hane^,NHisrt5S*l5yli0rmamye (3/2 v/v) and dlefeforomsihaae (iktm tkies e«di). 
Next, iO mL of dscWorom«^hane/N,M-<|jm^yffonnama^ (3/2 v/v) was Mded to the resis 

5 flowed l)y biHiding Wock Boc-X4>H (139 Boc-Mea-OH, 139 mg Bos-Lm-OH, 14$ mg 
Boe-dln-OH or 159 mg Boc-i'he-OH), 2-<lH-Bea2sjtnazati-l-yl)-l J,3»3~te{^^ 
tetrsBuombtJrate (TBTU, 193 mg) and N,N-4usopiopylethylamfiie (105 pi.). The sospes^siaa 
waj shaken for 90 miii at room sempeniture, whereafter the solvent u'as removed by filtratioa. 
The resin was washed with didtoometlsane/NVN-dimethylfbrmamtds (3/2 v/v), NiN- 

iQ sllnsethylfomjMJide s«d dichiorome&ane (three tiisas ^h) md dried, 

reVH-X.-tv^CO-O-rngth'^-resmyF fOIOHCD l-O- ^^ 

The Boc-greup of the four dsSTereiit X-blpck? was removed under the same conditiofts as 
described for the d^rotej^ioa of the Tepc-groiip (s^ ©tapple 44c) to give fotir times 500 mg 
15 of H-X-Ly<CC>'0-meShylrfesiit)'l'[CHQHCG]-0-^ This tbsir (500 n^g) was diatiibuted 

over 5 ressa:ion vessels. 

(f) HtSCb-B- X4..vs(e 0-0-methvj-resinWfaj0jlC0j-O-iPropv1 

The coupiings of the second biMfdiag block EtSOrBOH (27.0 mg EtSOrAsn-OH, 26.S mg 
20 EtS©rI>.Ut>OH, .30.8 mg EtSOj-D-Phe-OH. 36,8 mg EtSOj-Nai-OH and 32,4 mg EtSOa-l)- 
S-Tsq-Otl,; prepajed sccordfeg to ?he metkxis as descnb<sl in example 41) were performed 
under the same conditions as described in procedure (d), based on 100 mg resist. Afler work-up, 
the 20 ri^mj x^ssds (respiting from 4 diSferesst X bfodks and S dlfter«nt S blocks) were dried 
is vacuo. 

25 

(g) EtSC>>'E' ^-'LvsrC0>Q-rBe t hvl-resinmC0C 01-O^iF ^ 

EtSOrB-^-Lys(C0-<>~m*ahyl-i^siT!^ (100 mg) moUm in a 

sobtion of l-hydroxy- ljS-hesssodoxol-lClHy^itse i-oxide (0.18 M) lis <^methyl&jffoxide (2 

rnL) and dic.lilort>methane (0,2 mL). The reaction niixrure was aliowed to shake overnight at 
36 room tsmperature, whereafter the solvent was removed by fsltratbii. Subsequent Wtishing wsft 
dsmethyisuifoxids arsd dicbloromethane (three tissies ^ch) afforded, atter diying, ElSOj-B-X- 
Lys(C.0~G-mthykresiii)*i1G0CQ]-0-sPropyi. 
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A solution 0^ triHtsoroacetic aad/tyoanisote (% aiL, lO/I v/v) was adided ta EtSOrS^X- 
Ly$(eO-0-m^hyl-resmMCCK:Q J-0-t^^^ (100 nsg) and the reaction raixtum vt'as sh^en 

5 for 4 hours at v&om iemperaiure. Tl^ risss « vnss SJtsf ed, hashed wkh triflaoroasetit aisid (tlar^fi 
tinies) wh^eaftgr the fiitrate was evi^orated to drjmdts iis vaquo. Use residije was rinscsd vwth 
heptane (2 mL) and vigorously sdn«d wfeesreafter the hept^ layer was dedamesl. Tim 
procedars was repeated twice. The crude product was dried snd dsfectfy ap|!>5lsd oii a 
preparative Supelcosil CISDB cokasti (21 x 250 tmn} for purifiestiosi, using the foUowmg 

IP coaditioRs; Fkm; 20 mL^min, Butrers A: aqueous tsifluoroaceuc acid 0.1 M, S; water., €: 
acetonitrile/water 6/4 v/v; Gradient (depersding on the polarity of the product) 3% A - 67% B - 
30% C to 3% A - 52% B - 45% C m 40 s^in. UV-detecdoR at 210 tm. The mam peaks, 
eofrespondrng to the desimd compounds, weie isolated ami lyojp&Sbsed tp |sjrii's«d end 

pfoda^ss as depicted m tabb 44. 
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iTaWte 44 : Characterkauojs (retemion time m reversed phase HPLC and M-?-H peak in 
dsctrospray mass spectromets^-) of EtSOa-B-X-L>^¥[COCX^]-04Propyl prepared on 
HyrimJO-'methyl-rssiR, IWLC conditions : Flow : 1,0 snlimin. , Buffers A : water, B : 
5 amositril/watss; (6/4 v'/v), C ; 03 M pliosphate-feiiSer pH 2, i ; Gs^sait : Q ~* 45 win 65 % 
A/15% B/20 % C Q % MZQY^Mm% C. UV^eteetton at 210 im. 
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m~ 
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Rt=^ 28.44 
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[ min 
1 M-^H- 
i 570.4 


; 33.33 mm 
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10 %am^> l^„ 4 ^. 

The following compouis!$ can be jsrqsared by using lftjehietfeMis of thepf^em i^^ 

Me5OrD-Tyr(.Me)-Pro4:.ys¥[CGC014)-?Propyl 
ss-8utylSOj--D-TystMe)4Vo-LysT [COCO]-0-!i>Topyl 
15 CF3SOrD-Tyr(M«)--Pfo-Lys^F[COCO]-0-!Propyl 
B^SOrD-T)??<Ms>-Pm-l.ys^[COCO>0-iPropy3 

EtSOrl>-ehs-i^-tys^?fCC>GOf04Propyl 

EtSOs-D-CM-yal-Lys^lCOCOI-O-iPropyl 
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CFsSOrO-Cha-Pro-Lys^fCOCOl-Aseddine 
B2JSCVD.C;hs-Fm-LysT[COC:01-.A2:etidme 

BzlS02~D~Cha~Fs-o-Acg'r|€0CO|-O4Propy! 
EtSOrlVry4Me)-i*Jo-A.cg*F[COCO]-0-siVopyl 
IS KfeS0rD-Tyr(Me)-Pro-Acg^|COCO]~O4Propyl 

CF3SOr'0-Tyf^Me)~Pr6-Acg'F|CC)COj-0-iPropy[ 

EtSQ2-D-Tyi(E£)-Fro-A«g^[CCK:03-Wit3fiyl 

EtSOi-D-Cha^Azt-Acg^lCOCCrrO-jPrnpyl 
EtSOi-D-Clm-<H-c>>cbpemyl-GlyVAcg¥[(:OCO]~04FropyI 
EtS<VD--Cha~Vsl~Acg^iCOC€)]'0~iPropy^ 
BtSOrl>~Chs~P«e-Aeg^F|CQCQ|-0-iFro|>yl 
25 Etfe02-IM;ha-<3,4«dehydHj-^Pro)-Acg^!^^^ 
EtS©3rl>~C«ro-Acg4'|eOCO]-.AzeUd«ie 
.aSC>rt>-lyr(Me)-Fm-Apg'F[COCO>Az0^^^^ 

30 n-BulyISOrO-Ctia-Pro-Acg^CC<)GO]-A»««feBe 

CFjSCVi>-€h%Ffo-AcgS*|eOCO|-Azetjdirie 



5 3-(Bz!S02-arnim-s)- 1 -carbosyme%l-6-metftyl-^yridb5-2-ORe~Acg^iC{^ 



The Motogical acfcities of the eoispoiisds of tte present inventioa were determined by the 
following i<®t?sietl5CKis. 

Tkombm factor lia) is a lactpr in the coagala^on cascade. 

Ilje aals-tfe>mbfe activity of compounds of the preisrast inve^tspn asste^sed by measuring 
spesBtophgiometncally the rate qf hydrplpis of the chromogenic substfMe s^2238 extarted by 
15 thmnsbis. This assay for antj-tlsfomfein acSivi^ in a faul&r syst«sm was used to a^&ss the ICsor 
valiiie of a test compound:. 

Jm snedlum: tf(Miieths«maerKad-poiyei;Mene glycol ^30 (TNP) 

Kefoersce corppoiin d: 12581 (Kabi) 
2S Vehlde : TNI* buffer. 

Solubilization qssj be Jissistsd with dimethylsulfo)dde, methanol., etharsol, 
acetoMttile or tert. -butyl alcohol which sre 'without adverse efi«;ts iri 
cmCiSsiraJioss op to 2:5% m the finalTea;¥tH>a mixSjsre. 

1 . Tromethantine^NaGI (TN) buffer 
Compostson of the buSer: 

Trspmethamtse (Tns) 6 -057 g (SO aiinol) 
mo S.S44 g (ISOts^Kjl) 

Wst^r to I 1 

30 the pl l of the solution is adjusted to 7.4 at 37 *C with HO (.10 

mmol-r'). 

2. TNF baffer 




Poly«^hyk«e glycol 6000 is dissolved in TM isugsf to give a 
concsmmtiofj of 3 g^f^ " 



3. S-2238 solwto 

Ojjss vial S-223S {2S asgj Kai>i Diagnostica, Sweden) is dissolved k 
2§ rj! TN buSer to give a eoncent^ba of 1 .25 sng-ss:^'^ {Z mmol*r'), 

4. Thrpsnbrn solu^fm 

Humaa thrDmb«ft (16 OOQ sKat'viar-; Ce^^al L^osatoriam vpor 
BlossMran^sie, Anjsteniam, The HeiNri^ds) is 4tssdved in 1M» 
buffer to give a stqcit soiulEion of S3 5 nJ^a^'^nl'^ 
Inssedjately beSife u^ this sol^tiqn is diluted with TH?* festfefto 
grv0 a coacertlJBtioft of 3.34 hKai.t*mi"\ 

* - All 5sigredsei5ts used are of snafytJcaJ grade 

~ For aqueous solmions ultr spare water (Milli-Q quality) ss used . 

The test sad rg^bfencs compoisnds are <iissolved ss Millis-Q water to give 
stock ssnceMratioss of 10"^ moi^-*. Each coiic^tratlbn ss stepwise 
diliited wtth the v^cle to ^ve concentraiipiss of 10'^ IC* and iO'* 
mol-r^. The dilutJQGis, jacludmg the stbdc so3sit!pn, a?8 sised in the assay 
(ilml concentrations irs th« rs^t'son mtxtare; ,1t*l0'^; 10"'; SvlCT*; KT*; 
M^i 10"'; 3-l<>* aftd IQ-* moH"', respectively). 



25 At room tsmpemtui« 0 075 ml and 0.025 ml lest compouad or refer^tce 

compoimd solutions or vehjck are alternately pipetted irito the wells of a 
micrstiter pkte and thess solutiotrs are diluted wi:Lh 0,1 1 5 ml md 0.0165 
ml TNP buSer, respectively. An aliquot of 0.030 snl S-2238 solution is 
added to each weO and the plate is pre-heated and pre-iticubated with 
3C3 sliaking in ao iBCuhatpr (Aitsersham) for Ift min. at 37 ""C. Folbwisig pre- 

snctjbatio;^ the hydrolyisss of S-2238 is started by addstiois of 0.030 mi 
ihrembm solution to each well The plate Is mmfeaJed (with shakisg for 



3Q s) at 37 ^C. Stattajg after I mirt of mciilastloss, she ^sorfaance of each 
sample at 405 «m is measured every 2 mm, for a period of 90 nisn. using 
& Mnetie micsrotte piate reader (Tvrture^er pks, Fli>w labomtories). 

5 All ^sm are ?a3liected in an IBM ^rs^snM GomfSutsr u^iag LOTUS- 

MEASURE. For ?ss€^ GO!Tipoun4sQiK;«rito^ (atq^fessed k ttjol'f* 
reactsos inixture) sad for the feJaak the ibsotbaace is plotted vemis tiie 

^ii Ev aluatio si of ? esponggs: For each final concentmsoR the maximum sbsorbas^ce w&s c&lmMed 
fom the assay plot. The iCs«- value (final concetitratioax, expressed 3!^ jj-moM' ^ causing 50 % 
isihibisioR of the jnaximum ^soifcaftce of the bfeiik) was calcukted issing t he logit 
trajssfesrmalsQS asalysss according to Hafh^ et (Ar2i!dit5,-iwscfc.iDr\ig Res. 1^77; 27(il}: 
18?1»3), 

15 

Kse-values <if compounds of the pressem mvestion are giv^^ the folbwing Tabie. 







■* 


D.09 1 


24 


om 1 


38 


9.11 1 


m 


0.02 
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Actlvatsd Fsetor X (5Ca) is a factor m the cos^latton easc^ile. The anti-Xa ac^tviiy of 
com|K>aTSd& of the present invesdon was assessed tsy measuriiig spectropbotometricaJly the rate 
of hydrolysis of the chroraogeaie ^bstrate s-2222 exterted by Xa. Tl^s assay for anti.-Xa 
25 asSis-ity is a buffer sy^em was used to assess the iCs^rvabe of tise te-si compound. 



m 

fa general th& folfewed procedurs md test cojidmons were analogous to tho^ of the anti- 
M^mmbk assay as 4esersfeed ab0yd^ Dilfersnces are mdicated bddw. 

Sokibilssatiojs eaa be assisted vMi dimeih^fsulfoxlcte, methaho!, ethanol 
acettsnitriie or test.-b^^tyl alcohol which without adverse eifeets in 
mm&nmtiom up to 1% (for DMSO) mi 2.5% (for ths other solvents) 
m the SsaJ rea<*tion ^^pduis. 

3. S~2222 soiiition 

One vial S-2222 (IS mg; Kabs Diagnostica, Sweden) is dissolved 'm 
IQ m] water to give a conceiitsation of i ,5 r»ig-s«r^ (2 mniol-r^), 

4. 3Ca isolutson 

15 Bovine Factor Xa Human (71 tiKat^viaf'; Kabi Biagsos^cs) is 

dii^lved m 10 ml 'FN? bufFer and then furtbesr diluted wt& 30 ml 
TNP buff«3- to give iSL cohossrttratiori of 1 .7? nKat-ml"' . The dilytiojs 
has to be Ireshly jjinepai^. 
I^roe^iife 

2Q Ifi^ead of the S~2^ 8 sijltition {in anti-thrombm dssay), the j^ove ^-2222 

splution is added to eaqis wdl m this assay. 



Asts-factor Xs sotjvity 







1 ■ 


0.64 i 


1 ^ 




1 28 


0.02 
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j^ti factor Vila / tissue fest or assa.y. 
Vasajlsr dasjage 8jitiate& a series of enzyme generatjoti reactbns altimately fea4t«g to the 
formacbn of a libris gd at the site of the injyjy, Tlbe primary eszyme genes'aiion iE-eaction is the 



wo mmm 
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gefjss-aibrs of acsivMoi factor ¥11 (¥lia) from proexszyme feetor VII, Tlss setivatioti rejiction 
tak<^ ^lace by m as yet ynknowsi mtscfeanism, Osje hypothesis is tl>at ss?iail m?ouft^^^ of ^^or %2 
p^iseat m pla^sa, bind to ihs ?«embratie-bquB4 |^H>t«ii Tissue Factor {T^) - a jprstem which 
aormaiiy dos^ not contact bloqd but wlsidi gets exposed to it by snjtiry - md tbai: this complssc 
5 of saetnbmrie-feoimd TF factor Xa activates fecfcpr VII (ref, 1). Use adh^ed Fs^tor VII 
then also bu?d&to m€snbjaij«-bout3!d TF and t& mfedifissc tesa^ comptex ssejst converts fmm X 
into Factor Xa. 

Thrombosis develops when there is insufficient control of the coagolatioo reactbn. Qn& way to 
rsstore this cojstro? is % snMfeiting sssejjtial cojigulation enxymes such as for isstaiico the 

10 complgjc of msmbrasie-bouad TF snd Factor Vila, Since irshibUors of VHg or the VIlgfrF 
compiss most Ekely wiW also inhibit the t«iiase compiex, inhibitors of the. latter complex may 
also be found by dstsrmimng the inhlbitioiiof V.JIa Or VIIa/TF by test compoimds. A method is 
deseribed by which the inhibitoty: policy of oompoutids towards VJIa/TF coiisplfisc; em be 
es^blished. Tm compociids are msK«d at various concemfati^us with ^ctpr VHa md TF md 

15 Wi& a GhBhomo^ic substrste, wbsch is known to be splH far better by TF-bound Vila than by 
ires Vila. TS^ amidolytia reaction taidng; plase Is c»i^inuou^y monitored in a snlcrotitsr plate 
readsr, liihibitbsy potenj^ of the compoisnds itivesd^ed is expKJSsed by the tCsa, deSi^ as 
the ssonceatiratlori of compouads yielding 50% i«h§>it5on of the ainldo^i^tic region, mneiy 
mmotes aSer the start of the rs^esioti. 

20 

Heagents: 

Uepes buffer 

A tm ttnies cosscsmrated Hepes buffer made by dissolving 29.40 g CaOz-SHjO. 47.66 g Hepes, 
35 WlS&g NaCi aa<l 30.00 g|©lyethy|es^lycol (PEG) MW ==== 6000 is 1000 ml aqua bidest. A^er 
the solutjoa has been heat^ to3? % the pH of the buOfer Is set ors 7.40 with help of 10 molar 
HaOH, the sss-ncmtrnted buSer ^©lution is stored at 4 and is stifle for at least two months 
at this cossditiots. Prior to use the huW& is diluted in aqua bidfest. 1 to 8 to obtain a final 
cojscestratlas m the wells (See test procedure) of 20 mM CaOjj 20 mM Hepes, 1 50 mH .HaCI 
and 0.3 % ?EG6{j€0. If compounds are dissolved aid difoted in aipa bid^^^ or another vehicle 
becaose of as iosullldsnt solubility the f lepes buiTer^ dilated t to 6 to preserve the same 
ionic strsnguH in the test. 



Recomhsmmt ksman Jaeicfr Vila 

^mm^mmiX hmm iatjtor Vila is c^tainei^ from Ammcaa DIagaostfca isc, Greenwichy CT< 
Eac^ vial cpati^iss 1.2 mg recombiaaiil humap factor Vila, wMch is lyopM&ed from ? ralljySer 
epmpsjs^d of 10 mM glycyigiycme. 50 m^f NaCI, 10 rrsM CaCfe, 30 ing/ml sBansBtol^ 0,1 % 
5 T?(i^n, pH 5,5, The ccis^^s of each of these viais is^ r^ witfa 2 sii j^ya Widest, as 

itdicaSed by lis m^ufacsarer. The 2 ti^ IJ*10'* stock solutsos obtained diyidesl 'm 
smaller fractbns, which are stored at >30 **C. At this condition these Vila sample are st^k for 
at least 6 months. 

iS Escmnbimml human Tissue Facior 

Rec43n^inant kjman Tissue Factor IS oli^amed from Diagnostica fee, Greemvich, CT. 

Bach viai cbrntmas 25 jig recotnbinafit fsainais Tissiie Fasstor (sjoa-ltissdated; MW 3S0Q0 Daitisn), 
whic* 3S l3?«phslbed from 1 mk Ttis/HCi tsaffer (pH S-O) cdmposed of 150 nsM NaCl, 2(K) mM 
msamitol ssssS It) mM CflAFS (Stst^id deiivative to soiiibilize tsembirane protdffcs; see 
Meisk MddE). The contests of each viai Is reodiistituted with 1 mS aqua l»dest. ais indkstt<ed by 
the maaufeym-. The 1 nrsl 7.14 x 10*' M siock so5v«or thuiS: obtaiaed is drwded in ssadlfef 
tactions, whiish are stored at -30 'JIjus ^omi these Vila samples are stable for at feast 6? 

20 Pe/achrome Vllis 

Pefachroms VHa - CHjSOjrD>Cba-b«t-Arg-pNa.AcOH (MW 670.8) - is obtaio«ed from 
Pentapbann Ltd, Basle, Switzerland, m vials coniami«g iO jissoi of this chromogenic substrate. 
At the dsy of tlie ejtpenmiant tlisconleaitsofa viai are dii^loved ia 8,55 M aqua bidest., yi^ding 
a 1,2 jnMol^ P«&chrotJje Vila sdiMtios, ^^^t remams of this solution is stored at X and is 
25 stable for at Isa^ 6 months at this condition, 

keamhirmii W/ Rec&mbimni Plfa soiutie^ 

At the day of &e experiment a deep frozen saitiple of 1.2*10'* M r^mtsftam VHa and a deep 
frdisen sample of recomfeinasit huinan tissue factxjr of 7.14*10'' is de&osted. The defrosted 

30 7 .14* 10"' .soiijtias of recombmant Mmm TF is diluted to 4*1 (f M and 30 |il of this solution is 
mixed with I ^1 of the defrosted fa;onibiaaiit VIIs soiution of 1.2*10'-' as>d witls 449 |il He|>e.s 
buffer, yielding a Hepes bufer solistioa eostjiining 25 nM recQSTsbinant Vila sad 25 nM 
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recosidsuiaftt TF, The sraowflt sf 4S0 pi TF/VIIa solstion is saHiciertt to sxamss^ tfee mhibitsofs 
of etg^t ^teloiss of one test oompoand. H &njes this asnouat is se^sd to estaHlsh tiss ICw of 
N test osmpoisssls. 

Te^ mmpomds dismiv&d m Hepes hv0w to jgive 5^10*^ stock solutions (A), Fmis tMs 
solutbfi sgrven addltsoBai solafejjs with coscmtrntiom of 1.67*10*' M (B), 5,56*10"* M (C), 
l.nsm'* M ID), 6.17*10"* M (E), 2.06*10-' M (F), 6.g6*IO* M (G) and 2,29*10-* M (fl) are 
JO prepared by diluting eacJs Ibrsgoing solutsos^ with a factor three sr Hepes buffer. Such a series of 
solutipsss is pr^swed for tlie refers© compcssjid Org 34593 and also for each of the N-l test 
cofTjppujids. If c<>nsiii6r8d more cctnv«nj^i, otte" sets of solutipfvs djffs^^em OJSJpound 
cpr5<?^tral3Qns may be prsspare^. 

is Procedure 

Coi«pou«ds are di^bijtol s:ol«ma^^% over the rnjcrpjiter pjbit© and oiks sxjlumn of 

wells is n^isnf^ for a series of umnisiibited reassions. Hundred jii of Hepes IJtjiler Is bro«^ iifto 
all C.N+I)*8 ift^lis m eight clmitn^ pipette. Here N is the number of dtSarent test 

20 eompotmds, fficludisg the referersce conjpoyjid Org 34593. HereaJier, Ifh' ^1 of the pefachrome 
Vila solution of 1.2 mM is added with an eigin channel pipette to the 100 jif Hepe^ holier in all 
af the (N-M )*E wsils rsssrv'sd for compound testing sud the blank rssactions. 
ThsB 50 |il of each of the eight solutbns.of the first, seco?id, ti5ird up to the N-th compouEid is 
stiked iis a desoessdiag opder ^f ccmceittratiotis wtli tfje contents of Ae first (a^) until tije d^th 

25 well (H) of columns 1, 2, 5, up to N rs^sectively, so as to obtisitt a oae eosnp<^d p«f eolunm 
distribution vwth a from top to bottom d^endsng pfder of comixsutKl epticentratipR^ per 
coluttjs, Fiaally 50 jil Hep^ hoffer th eoiumn reserved for 

a series of felas^, 

.4flcr the whote plate has beers prepared ft Is s^i^kes for i nisaMe m & microtttef plate 

.^0 shaker,^incubator (Amershani) and the ssslutions are brought to 37 "C fay incubating the plate in 
the sajBe isistmmem for 10 mnute^. 
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The reswtsesjiS are snitiated by adding 50 p,1 of tlias 25 nM VUsitS bM TF soiutbn, wci<-h k 
pfehested at 37 *C, to eseh of the {H+ i)*8 welfe whhWp of so es^tclwHvel pipette. Aftw the 
piate is shaken for 3<j seconds it is placed is $ themsostated iaicrotster plate mder aad the 405 
«m afesorbasiipe k read m each well at mm mttsrv^s of I jjaaute during §0 snjjsrteis. 
5 Al>sorl!®ni^ai«6oliected mLO'FPS 1.2.3, lc>adad iy o a FC comscM to #s idnettc re^ 

Bvaltiailloa: 

The (end-)absorbances measured at 1X5 minutes a^rs corrected for the blank absorfoasjceS at tls0 
m beginniBg of the test by subtraclbsi of the wmsponiing ftrst absorbancs value jaeasared I 
mimjte after the initiatios of the reactiojs. The corrected end absorbancss in th& pr^nos 
{Abs[I|) md ^sesice (Al3s[0|) of the te^ compoissd sm cammed into logit y^u&s by 
eai<eBMng -^l0gC(Ab4C53/Absp|)-l)^^ esU::fe coneertJiatiDEi [t] 0^ the test SK>mpo»nd. These 
logit y^ues plotted ^ijjst the -iog of (cor^^ of the tei^ compound. Such a Ipgit 
SS plot ds«ally displays a lidns^ reiatsoiJShip betwe^as 20 % and SO % sthibhion of the s$jdr. 
absorfjsncie: 

The p!Cs8 y^ue sis deSssed as the -log (cbsicentratidh 'm M) od the test eotapound for wbksb ^ 
1&0 ^de is ojual to 2sro. This value is i^ldsjlats^ by linear regresson of the logft vis -log 
relation preferably amund the lo^t zesti vaiue. When die cajapound test^ is so ^active tpwafds 
20 Wa/TF that the plCsa most be calculated by extrapolatJon mstead of ssterpolatton, it is best to 

psepsse a,n aiksitiyns^ sei of dilutions of this tejS eompoursd and to perfon-a the as.^ay again, TMs 
method of csfculaUBg a plCso value is dessribed by Haaier et al (ref 2). J hs coffesponding ICse 
is calculated as 1§'^''' and is expressed is Mofer. 

25 Ouaistity rei|uirsd: 

-^>out one mg Is requirfed to assess the iCj© of a lest compound, 

^feret^ce compound: 

M a refer^ic* eompmmd Org 34593 (PPACK) iisay be; us^^ For this compoond m tCm of 
36 3*1 0'^ M has feeea establtsi>ed. 
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(1) Th« stJSJamsl Sology of expressioR md fiinction of Tissue Factor. Edgsngtcw, T.S., et: ai. m 
ffmmh&m and f &eaiO>siask §6(1), &7~i9{l^l). 

(2) MathemMesi aijalysis »f coiscefttratloa response relattonsiipSv Hisfijer, D, et ai m Anmsm, 
S Fcrrsch./Dmg fe^arch 2% 1871-1875 |!9?7). 

As s sis^gte point measurenieftt of the aatl las^or Vila / tissue %Stor sclivity of ecmpoiissds of 
the present mvemiots, tbe percmage of inhibition at a concentration of ixlO*^ M is givm m the 
following Tabife, For the deteTOsaation of the perceiitages, procedures as described abqvt; were 
IQ ibliowed. 



And factor ¥ila / tissue iactor activity (perceritage jr^bttiion at a con^ of IxIO""* M>; 



.-.^.^^ ^ ^ ..■«^,w,.,.,w,.,.,.,w,.,w#w^-^ 

Example 

L .,, , 


pefcefitsge iftljibiiios {%) 


1 44) EtSOrS-Phe-Leu-LysH^ICOCOl-O' 
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1 44) ElS<>>--D~3--Tiq-Fh©-Lys¥[C0C0]-0- 
iFropjl 


91 


44) BtSOr»-Lsu-Gin-l.ysHP|COCO}-0- 
IFropyl 


94 



Clams: 

L A eoppoMi^ l^asrfag th^ formula I 



h R-0OC-(CHR%- or R^NH-CCKCHRV or is selected from (l-12e)a!k>i 
(2-l2C)alkej5yl, whscfe groups may optionally be ssibstltoted with (3--12C)cydoalkyl, 
(l-^)aJko5ty, OH, COOE% CF5 or halogen, and from <6-I4C)ary{, (?.|5C)aiaBq^ mi 
(B~U})M&ik&mk the myi groisps of which may optbnaJly be substitisted wstfe (l-6C)alligfi 
p-8C)!JSf«loalkyij (h^Cj^fcoxy, OH, COOH, CFj or halogen; 
s«is I j 2 m 3 ; 

each ^oyp is M^^eadently H, (M2C)aikyi, (3-SG)cycloalfcyl, C6-l4C)giryl or 
(7-1SC)a^%l, the arvi ^ups of which may be subst itmed with (l-6C)alkyli { f-6G)aifcoxy 
or balopsn; 

B b a bond, as amirso-add of the formula -l^-ei-I|(GH2)^C(0)OiEQ-e(O)- or an est©- 
d^vath«s litiefeofwiiemn p is i, 2 or 3, G^y, D-I-Bqi B-I-Tssj^ ©-3-7% D-Atc^ 

Aic, or & L- or D-amitso aead having a hydrqpbobsc, basip or amtr^ ^de chaais; 
X is an sjsslms add with & b^'drophoble side diak, gtutassbe, smm, threbiuiws, a C5«^ 

m^no add opdos^aO Y coistatnsng ars additionai heteroato«i sel€SSts^ SXith N, O or aiKi 
optionally substituted with (l-6C)slkyl, (I-6C)alkoxy, bera^oxy or oxo». or X Is 2-asJ!M«0" 
is»bi%rsc add, -b{|l"'-€Hs-C(0>- or the fragment 



V or ^ , 

wherein n h 2, 3, or 4, W is GH or H and is ii (l-6C)alkyl or phmyl wbscb ^tmps imy 
optbaalb' be substitused with hydroxi?, (U6C)alkoxy, CO0H, COOCI-SQalkyi, COmh> or 
hadogen; 

Z is lysiae or 4-ajm«ocycioh8xylglyc!n8; 

Y Is -NH'-(l-6C}a&'lene~G«H5, the pte\yl gfoup of wktdj may be subsdtoted %vjth 
(^»6C)a1kyi (l-.*C)^&osy or MIogen, or Y is-OR- or -NR''R^ wherein is !i (2-6C)alkyi 
or beris^-l, and arsd R* are mdependeRtly li, (l~6C)alkoxy, or <1-Se)ai^l optloaaify 



47 

suMstBled with halog®?, or 3«d R* togetli'^ are (3-6C)a!kylme, or R* sni together 



with tise mtrogOT atom to wMsh Ihcy a^e bonded are — ^ , wherein V is S or SO?; 
ar a prx>4mg &sreof ora pliastnaseusi ac<^tabie sait thes-epC 

5 2. fljs compcssjsid of clstni i , xi^ersifi Z is lysine. 

3. The compoiissd of ckiim 1 or 2, whereiR X is a eydic aBifno acid, sjts mim &cid with a 
hydrophobic side chaia, giu^^mifie, sense, th^eonuiei -^Sl^-C^VC(0)-^ or the Iragnieet 



\ 

, or 0 
wh^erdis R^ is H, (l«6C)^yl or phesyj, 

4.-The compotmsl of any 6r« of claims l~3, wisemn Xiis proiiiie, l^cine, glutamtfie, tlaied^iae^ 
l^hesyiiSlaitme, -NR'^-GHrC(0)r' whemn is methyl, eydopeaits^ or cyelohejcyl, or the 



15 O , or ^ 

wherein R^ is H or metiiyl. 

5 Tise compcmnd of any one of claisss 1-4, whs'eiJJ B is a bond, a O-asyno add haying a 
hydf opht^lc or netitral ; disiis; 

S. The compoiisd of any one of eiaims 1-5, whemn is(l-6rC)ail?yl benzyl. 
?. The compoyssd of arsy otse of daims 1-6, whefeis Y is -Oai((»)2. 



25 8, A phan«aceati;cal conipositson comprising the compound of any one of dates 1-7 and 
l>h^5jiaeeuticaliy suitehie auxiManes. 



9. The sompous^d of aay ose of cWtms 1-7 for «se is tjserapy. 



lOVs& 6$tM mmpomid of afiy ose of dmitfts 1-7 for she stsanu&stuns of a ifiedicamefjS ibr 
treair^ or |>m^n^d{% throst^^-rslMsd diseases. 
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JONES 0 H ET ALJ ''IWBIS INHIBITORS 

BASED 0^ Kmm mmmi^m or aminine 

¥0L 9> 1 January 1§§5» 
pges X?»98S578641 
see exa35?j1ss 17,18; table 4 
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gOBERT ^1 m Seeeiifeer 1956 
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